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Use Spice techniques 
to analyze feedback circuits 


Color-palette chips 
Laser diodes 
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Imagine a digital (PCM) data 
recorder using helical-scan 


technology. Compact, light (7kg) and truly portable. One that records 2, 4o0r8 
channels of data for two hours on a single, tiny DAT-format cassette. Imagine that it 
offers unparalleled accuracy, S/N ratios of 70dB, inter-channel phase skew within 5°, 
and operates happily on AC, DC or optional batteries. 

Now imagine a sudden need—the other side of the city, or the other side of the 


world—to record critically important data. Complex, phase-sensitive acoustics. 


A threatening burst of seismographic activity. Or a promising geological survey. 
Anything where lives, fortunes or reputations may be at stake. 


And relax. Reality—in the RD series—is everything, and more, that you could 
possibly have imagined. 


TEA: 


TEAC CORPORATION: 3-7-3 Naka-cho, Musashino, Tokyo, 180 Japan 
Tel: (0422)52-5016 Tix: 2822451 


/e>\ 
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Fax: (0422)52-1390 


@ Canada, R.H. Nichols Co. Ltd. Tel: 416-851-8871 Tix: 06-964576 Fax: 416-851-6862 Mi Korea, BANDO INDUSTRIES, LTD. Tel: (02) 735-1406 ~ 9 Tix: K26254 Fax: 
TRADING CO.,LTD. Tel: (02) 506-0980 ~9 Tix: 21923 Fax: (02) 506-8181 


@ New Zealand, Northrop Instruments & Systems Limited Tel: 856-658 TIx: 
Technology Group Tel: 888-9000 Tix: 22692 Fax: 888-9310 Mi South Africa, SPESCOM TMS (Pty) Ltd. Tel: (011) 788-0530 Tix: 4-22541 Fax: (011) 
RECORDERS LTD. Tel: 04427 5959 Tix: 825946 I F.R. Germany, nbn Elektronik GmbH Tel: 08152/390 TIx: 526458 Fax: 


INSTRUMENTARIUM ELEKTRONIIKKA Tel: 90-5284350 Tix: 124426 Fax: 90-524 986 


(02) 735-1479 MR.O.C., KAIZER 
880-1549 MH United Kingdom, INTERNATIONAL 

08152-39140 @ Austria, nbn Elektronik GmbH Tel: 0316/40 28 05 Tix: 312664 

Fax:0316/40 25 06 @ Netherlands, SIMAC ELECTRONICS B.V. Tel: 040-582911 Tix:51037 Fax:040-582707 & Belgium & Luxemburg, SIMAC ELECTRONICS SPRL Tel: 02-252.36.90 Tix: 23662 
ATAIO Instrumentos S.A. Tel: 733 05 62-733 37 00 Tix: 27249 Fax: 314-0485 lf Switzerland, nbn ELEKTRONIC AG Tel: 01/493 2144 Tix: 823812 Mf Denmark, Dansk Binzer Teknik A/S Tel: 03/66 20 20 


NZ 3380 Fax: 857-276 WM#Australia, AWA 
Fax: 02-252.33.68 @ France, TEKELEC AIRTRONICS S.A. Tel: (1) 4534-75-35 T|x:204552 Fax: (1) 4507-21-91 @ Italy, A.E.S.S.E.S.p.A. Tel: 02/5454.64.741-2-3 Tix: 312293 Fax: 02/545 0701 Spain, 


Tix: 43558 Fax: 03/66 20 30 &@ Sweden, KALIBER AB Tel: 46 8 38 03 50 Tix: 14077 Fax: 08-38 05 03 Norway, TELEINSTRUMENT A/S Tel: (02) 78 94 60 Tix: 72919 Fax: (02) 78 76 97 MH Finland, 
"If no distributor is listed above in your area, please contact us directly for further details about our products. 
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_* Prices are according to manufacturers’ literature as of 1/88. Telephone (805) 541-0488 


Ziatech’s new me Another manufacturer’s 
STD Bus ZT 8809 “function-per-board” 


Single Board System STD Bus card set | 
for OEM applications. with equivalent capability. | 


PERFORMANCE (NEC V20 at 8 MHz clock speed) 

ON-BOARD MEMORY (520K) 

IBM PC HARDWARE COMPATIBILITY 

ON-BOARD I/O (2 serial: COM1, COM2; 1 Centronics: LPT1) 

e DEVELOPMENT CAPABILITY (industry acclaimed Virtual System Console) 
e OPERATING SYSTEM OPTIONS (STD DOS, VRTX, Multi-DOS, and more) 
e COMPACTNESS (one board implementation) 

e RELIABILITY (fewer connectors, components, boards) 

e VALUE (Ziatech’s single board system is $630 less 

than the 5-board set pictured above’) 


To learn more about how less (Ziatech’s new single board system) is more 
(when compared to the 5-board set pictured above), call Ziatech at 805-541-0488. 
We'll send you a detailed comparison and all the technical data you'll need. 


=|||ZIATECH 


CORPORATION 


3433 Roberto Court 
San Luis Obispo, California 93401 
ITT Telex 4992316 MEM B ER 
Fax (805) 541-5088 


STD MANUFACTURER'S GROUP 
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WHY VIG? ASK THE 
VME CONSORTIUM. 


The VME Consortium needed an economical, yet highly 
functional VME bus interface chip, to minimize design time 
... and to help raise the VME standard to higher levels. 

“We looked at the leading suppliers,” said Joe Ramunni, 
consortium chairman (and president of Mizar), “‘and VTC came 
out on top. Their CMOS standard-cell ASIC approach gave us 
the high drive capability we needed, optimized for bus inter- 
facing. And, it proved much more cost-effective, with higher 
performance, than gate array technology.’ 

The VME Consortium is made up of such firms as Plessey 
Microsystems, Omnibyte Corporation, Mizar Inc., lronics Inc., 
Heurikon Corporation, Matrix Corporation, and Clearpoint Inc., 
among others. What did they look for in a supplier? 

“We needed a credible business partner,’ said Ramunni, “with a 
proven track record, who could provide a turnkey package. . . both 
design and fab. A supplier that could produce in quantity, and provide 
technical support to the market at large. 

“We also needed a firm with an international marketing structure, 
because we expect this chip to be the de facto standard worldwide. 

But, we needed people we could work with, too. VTC had the right 
‘comfort factor’.”’ 

Jack Regula, consortium technical director (and VP-R&D, lronics) 
added: ‘Our requirements for high speed, high gate-count, low power 
consumption, and VME bus drive capability were all met well with VTC’s 
1-micron CMOS standard cell library. And we were extremely impressed 
with VTC’s facilities, its people, and its customer list.’’ 

In the future, the VME bus chip (VIC) will become a standard cell within 
VTC's CMOS library, to allow customers to further customize the chip. 

shouldn't you be getting to know VTC, too? You'll be in good company 
when you do. Call or write us today, and we'll send you our short-form 
product catalog, which describes our product offerings in linear signal 
processing, high-speed CMOS logic, mass storage ICs, bipolar ASIC, and 
CMOS ASIC. 

VTC Incorporated, 2401 East 86th Street, Bloomington, MN 55420. 
(In Minnesota, 612/851-5200.) Telex 857113. 


VTC Incorporated 
Performance, Pure & Simple” 
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Vibration analysis 
with stop and hold. 


EKG and hemodynamic 
waveforms. 


A/D, amplifier development 
and calibration. 


Complex waveforms 
for servo drives. 


Dual tones for 
telephone testing. 


Radar/sonar envelope 
simulation. 


Digital testing and 
troubleshooting. 


Noise added to 
any waveform. 


Standard waves at 
the push of a button. 


We’ve been making waves for 29 years. 


A quarter-century ago, 
Wavetek brought you the first 
waveforms produced by a solid- 
state function generator. Now our 
Model 75 Arbitrary Waveform/ 
Function Generator puts you 
in control. 

Model 75 lets you generate 
waveforms without entering x/y 
coordinates. Thumbtack and 
rubberband modes allow easy 
development and editing of any 
waveform. There are also nine 


standard functions which you can 


use at the push of a button. 


© Copyright 1988 Wavetek Corporation 


it’s your turn. 


Waveforms are stored in 
nonvolatile memory, with more 
than 4,000 vertical points and 
8.000 horizontal points of 
resolution. They can be played 
back at any rate, up to 500ns 
per point. 
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By linking two or more 
Model 75’s together, you can 
superimpose waveforms to 
introduce phase displacement 
or other special effects. And at 
the low price, you might want 
to buy several. 

For literature or to arrange 
an amazing demonstration, call 
or write Wavetek San Diego, Inc., 
PO. Box 85265, San Diego, 

CA 92138. Phone (619) 279-2200; 
TWX (910) 335-2007. 


WAVETEK 


Record highs and lows 
for DC/DC converters. 
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Gate Charge (Q,(on))—Relative Switching Time 


Swiss National Tourist Office 


The Siliconix forecast for power supply design is one of record 
high current ratings and switching speeds combined with record 
low I'DS(on): 

Our new family of rugged 100 V MOSPOWER devices lowers 
operating temperature, shrinks package size, reduces part count 
and increases system functionality. Now you can use smaller 
heatsinks and eliminate external components such as snubbers 
and voltage clamps. The result—a more power efficient DC/DC 
converter and a more reliable, cost-effective power supply design. 


These 100V MOS- 
POWER devices are 
ideally suited to 
switching transistor 


converters for power 
supplies and military 
products. In addition, 
excellent for solid state relay applications in auto- 
motive products and switching transistors in 
battery powered vehicles. 


All of these Siliconix MOSPOWER devices 
are produced in our Class I wafer fab and 
they are 100% UIS (Avalanche) tested. Get 
record breaking performance. Dial our toll- 
free hot line now! Call 1 (800) 554-5565, Ext. 941 
for your free 100 V MOSPOWER Design Kit. It includes 
your sample and data sheets. 


bff Siliconix 


incorporated 


2201 Laurelwood Road, Santa Clara, CA 95054 © 1988 Siliconix, Inc. 


applications in DC/DC . 


New 100 V 


MOSPOWER 
switching transis- 
tors deliver the 
highest current 
rating and lowest 
I'DS(on) for cooler 
power supplies. 
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On the cover: How a DSP IC performs 
in a benchmark 1s only one consideration 
in your selection process; other factors can 
sometimes be just as important. See pg 
126. (Photo courtesy ATCT; photography 
by Michel Tcherevkoff) 
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SPECIAL REPORT 


EDN’s DSP Benchmarks 126 


Finally, a comprehensive benchmark survey for DSP ICs. EDN 
solicited the help of some experts in the DSP field and then analyzed 
the results of 12 benchmarks on 18 general-purpose DSPs. We found 
that benchmarks, when used correctly, can tell you a lot more about 
an IC than just raw speed.—David Shear, Regional Editor 


DESIGN FEATURES 
Sliding FFT computes 161 


frequency spectra in real time 


Digital-signal-processing systems must often perform real-time spec- 
tral analysis of a nonterminating data sequence. A simple method for 
calculating frequency spectra—the sliding FFI—requires less computing 
power than the conventional FFT approach.—lom Springer, Pinson 
Associates Inc , . 


Spice techniques facilitate 173 
analysis of feedback circuits 


New, easy-to-apply methods for using Spice allow you to obtain ac- 
curate gain and phase information for closed-loop analog circuits that 
use negative feedback. The new techniques eliminate the loading er- 
rors caused by the blocking inductor and the coupling capacitor tradi- 
tionally used to block and inject signals in Spice simulations. 

—Steven C Hageman, Calex Manufacturing Co Inc 


Logic-analyzer interface assists 187 
in 68030 program debugging 

Real-time program developers can use all the tools they can get. 
Once you learn how to build a trace-interface circuit for a logic 
analyzer, you can gain external access to the MC68030’s debugging 
feature and filter out unimportant bus cycles as well.—Don Atkins, 


Motorola Inc 
Continued on page 7 
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A field-use fiber optic 
connector so tough, you could 
roll a 5 ton truck over it. A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat. A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 


These are but a few 
innovations in interconnections 
from ITT Cannon. But we couldnt 
have done it without you. Because 
success throughout our company 
relies on a thorough knowledge 
of your company’s environment. 


‘Take strategic partner- 
ing, for example. We don't create 
a custom solution by shaking your 
hand and jotting down a few notes. 
When we design-in, we get inside 
your environment. 


Then theres Cannons 
near-zero defect rate. It got that 
way, and stays that way, because we 
test each product in a carefully 
simulated environment. 


As for delivery, we built 
a dependable system by studying 
the needs and scheduling realities 
of our customers’ business environ- 
ments worldwide. 


And Cannon stays price 
competitive by always asking the 
question, “How will this connector 
be used?” Considering the connec- 
tor's ultimate environment has taught 
us that keeping quality high ends 
up costing our customer less. 


So if you'd like a part- 
ner who will take the time to learn 
about your environment, take a 
moment to contact [TT Cannon 


at (714) 964-7400. 


Worldwide Headquarters 
10550 Talbert Ave. 
Fountain Valley, CA 92708 
Or call (714) 964-7400 


ITT cannon 


We're making progress. 
Not excuses. 
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TECHNOLOGY UPDATE 


Laser diodes prove useful in 57 
medium-haul, low-bandwidth applications 


To many systems designers, laser diodes are viable optical sources 
only for long-haul applications involving bandwidths close to the 
gigahertz range. But they can also be effectively used in a variety of 
medium-haul, low-bandwidth, cost-conscious applications. 

—Tom Ormond, Senior Editor 


ae aR 
ae! ee osc att atl ce Color-palette chips bundle extra features 67 
works, bar-code scanners, and optical with RAM look-up table and DACs 

disks (pg 57). Enhancements to today’s color palettes can help your graphics- 


display design satisfy the end user’s ever-growing appetite for higher 
resolution and more colors.—Mazgery S Conner, Regional Editor 


Industrial Electronics Product Showcase 80 

This showcase doesn’t confine itself to high-level systems only. In 
this roundup of industrial products, you’ll find numerous examples of 
other equipment and components.—EDN Staff 


PRODUCT UPDATE 
DSP board and menu-driven software tools lll 
IPI controller for VME systems — 112 
Packet communications controller IC 114 
Digitizer 18 

~ DESIGN IDEAS 

: Program sets up multiplexer as logic chip 195 
EDN Magazine Turbo circuit ensures glitch-free switch | 197 
NOW offers Simple calculation finds probablities 199 
Express Request : One-shots tame tone decoder 200 
a convenient way Software timer adapts to clock speed 200 
to retrieve product Continued on page 9 


information by 
phone. See the 
Reader Service 
Card in the front 
for details on how 
to use this free 


Service. 
I Oe a 
Cahners Publishing Company, A Division of Reed Publishing USA L) Specialized Business 
E oe Magazines for Building & Construction [] Manufacturing [) Foodservice & Lodging 
Xpr €SS ia . C1 Electronics & Computers © Interior Design (1 Printing () Publishing CL) Industrial Research 
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~ 1) American Baby (1) and Modern Bride. 
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Whether Insertion Mount or Surface 


Mount, you should get what you pay for 
in Electronic Contract Manufacturing! 
An Open Letter from Roger R. Mayer, President of MANU-TRONICS, Inc. 


Full Service Electronic Contract 
Design, Manufacturing and Testing 


e Automated Insertion Mount 


we 


= a 


e Automated Wave and Infrared Soldering 
e Automated Chemical Defluxing and 
Aqueous Cleaning 


¢ Analyzation and Repair 


CONTRACT DESIGN e MANUFACTURING e TESTING 
9115 26th Avenue ¢ Kenosha, Wisconsin 53140 


Nw 
MANU-TRONICS, Inc. S22" 


Dear Manufacturer: 


Make it yourself or buy it from a 
contract manufacturer? A big risk? Yet 
it's part of every make/buy decision. At 
MANU-TRONICS, Inc. we’ve minimized 
your risk. I'll tell you how: We put together 
an unbeatable formula by combining high 
standards in people selection and 
training, leading edge technology, 
and efficient production systems. 


As specialists in PCB design and 
turnkey assembly we invest in new 
technologies to meet the quality requirements of your products — 
at competitive prices. 


We design, purchase components, manufacture, and test 
to meet your exact production requirements. Yes, using either 
“through hole,” or surface mount, or both, whatever you need. 


Aware of the need for just in time delivery we turn our own 
inventory a minimum of once a month. Your schedule is our schedule. 
You can be confident of on-time delivery, just as IBM, Zenith, Argonne 
National Labs, Bell and Howell, Johnson Controls and hundreds of 
others have come to rely on our fast turnaround times. 


When it comes to innovation our team is absolutely fearless. At 
other companies there may be sacred cows, hidden agendas, people 
protecting their own turf. Not here: we’ve dedicated ourselves by 
investing time and money in staff development and self scrutiny — 
tearing down the walls which keep people apart. No wonder when 
customers visit they find our operation to be mind boggling. Our 
enthusiasm is contagious. 


What's happening at MANU-TRONICS, Inc. is more than just 
exciting for us. It means quality, delivery and competitive prices for 
you, and that’s the bottom line. We feel we have the drive, the vision, 
the smarts and the sense of urgency to be your number one choice. 


Judge for yourself. Call me now at 1-800-451-6661 outside 
Wisconsin or 1-414-694-7700 within Wisconsin. We can discuss 
arranging a convenient time for you to visit : 
and inspect the MANU-TRONICS facility. eens 


Yours Truly, Phone for FREE | 
Color Brochure 
Within Wisconsin | 
1-414-694-7700 | 


Roger R. Mayer Outside Wisconsin | 
President 1-800-451-6661 | 


CONTRACT 

MANUFACTURING 

EXPO, DETROIT, MI 
OCT. 25-27 


5 SRABEY DESIGN» RAMCRASTUOUNE > TESTI 
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Editor 
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Mentor Graphics delivers 
the only Electronic Design 
Automation system that 
rows in size and power 
at the same time. 


Engineer or referee? 

The time has come. You're about to take 
on a major design project, so you assemble a 
little of this and a little of that to construct 
the “perfect” EDA system. And quickly dis- 
cover it’s too little too late. 

Why? Because unless all your tools are on 
speaking terms, you spend more time patch- 
ing up arguments than you do designing. And 
the further you expand your system, the 
more boxed in you become. 

Fortunately, there’s a single, simple solu- 
tion. Mentor Graphics’ EDA tools. 

The sum of the parts. 

No other EDA vendors provide the rich 
inter-tool communications paths found 
within our IDEA Series™ EDA system. From 


" , f wen § 


en ae ~~ = = —= — =~ 


QuickSim™ logic simulation tools offer the 
broadest modeling support available and allow 
ASICs to be included in system-level simulations. 


current layout tools. 


ee 


Board Station® promotes rapid, error-free PCB 
layout by permitting any combination of 
automation and interaction the professional board 
designer feels is necessary for a particular design. 
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Graphics, t 


ChipGraph™ provides an IC layout environment 
rich with advanced features such as symbolic cell 
representation, yet programmable to emulate your 


Package Station™ offers a mechanical design and 
thermal analysis environment targeted directly at 
the needs of electronic packaging engineers. 


schematic capture to output for manufactur- 
ing, your design data flows freely from one 
tool to the next. 

Nor do they offer the broad array of tools 
you need to actually get your design out the 
door. Whether you're designing ICs, ASICs, 
PCBs, systems or embedded software, Mentor 
Graphics’ tools cover the entire design cycle. 

Nor can other vendors claim the experi- 
ence we’ve accumulated. Currently, there are 
over 12,000 Mentor Graphics workstations 
producing everything from 32-bit VLSI micro- 
processors to 108 MIPS parallel computers. 
And our continuous dialogue with these cus- 
tomers gives us invaluable feedback in 
designing subsequent generations of EDA 
tools. 

Mentor Graphics also provides a single 
source of service and support for your entire 
EDA tool set. No more finger pointing. No 
more delays. Our support organization takes 
care of all your hardware and software 
needs. 


To be continued. 

It’s all part of a vision unique to Mentor 
he leader in electronic design 
wees automation. Let us show 
# you where this vision can 
take you. 

Before you open all 
m those strange boxes, call 

| us toll-free for an over- 
view brochure and the 
number of your nearest 
sales office. 

Phone 1-800-547- 
7390 (in Oregon call 
284-7357). 


Asia Pacific Headquarters: Tokyo, Japan 
Phone: 81-3-505-4800, Telex: 2427612 


Middle East, Far East, Asia, South America: 
Mentor Graphics International Department 
Beaverton, Oregon, U.S.A.: 

Phone: 503-626-7000, Telex: 160577 


European Headquarters: Velizy, France 
Phone: 33-1-39-46-9604, Telex: 696805 
North American Headquarters: 


Beaverton, Oregon 
Phone: 503-626-7000, Telex: 160577. 
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Our new 75ns PAL® device is fast 


enough to prove that standard logic 
shouldnt set the standard anymore. 
Its also fast enough 
to finally let todays new 
microprocessors run at the 
speeds for which they were 
designed—breathtaking. 


SSI/MSI 
Combinatorial 
74138 


Decoder 
74151 


ure it yourself means you can get exactly 
what you want. 

If you want to redesign some- 
thing, you change the 


75ns PAL Device vs. FAST & AS 


tPD 


tPD 


PAL device. Not the 
board. 

Not only is this the 
fastest way to get high 


75ns PAL 


FAST AS Device 


10.0 fo 


7.5 


Raising your standard, | 3... | speed logic, its also the 
How Tast would you- | Seo 2 (0 a most practical. One 75ns 

like your standard logic? aa Go bo i PAL device replaces 
How about faster ee two to six standard TTL 

haga | ilosic around? | sama. co. 10 as. was devices. 

HVE aot ORAS2YOUVe | <fewncr ico 100 eee Which cuts down 

got it with the 75ns PAL — on board size 

device And cuts down chances for a 


And the fact that you can config- 
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What to give the microprocessor 
that has everything. 
_ We suggest the first PAL device 
that can keep up with it. 
The 75ns PAL device runs at 74 Mhz. 
It can deliver the speed the new high per- 
formance microprocessors need. 
Processors like the 29K, the 386 and 
the 68030. 
This PAL device delivers 25% more 
speed than any other PAL device. 
We even have the fastest 22V10. 
Our I5ns 22V10 runs at 50Mhz. Thats 
1Ons faster than anyone else on the mar- 
ket. And it lets you run at twice the rate 
of the new 25Mhz microprocessors. 
We've been shipping 20 pin lOns 
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PAL devices for eighteen months. And 
now you can get the new 24 pin lOns PAL 
device as well. 

Theres plenty of service and sup- 
port to get and keep your project moving. 
And all our fast PAL devices are available 
in volume when you need them. Now, for 
example. 

For all the facts about our fast PAL 
devices, drop us a line. 

Because you can never be too fast. 


Advanced Micro Devices <1 
Monolithic Memories 


For more information write"75ns PAL device’ on your letterhead and send to: 
PO. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 
Bruxelles (022) 771 91 42 » Hannover area (0511) 73 60 85 « Hong Kong (5) 8654525 « London area 
(04862) 22121 » Manchester area (0925) 828008 « Milano (02) 3533241 « Munchen (089) 41 14-0 « 
Osaka (06) 243-3250 « Paris (1) 49 75 10 10 * Seoul (02) 784-7598 * Singapore (65) 225 7544 « 
Stockholm (08) 733 03 50 « Stuttgart (0711) 62 33 77 * Taiwan (02) 7122066 « Tokyo (03) 345-8241 « 
Latin America, Fort Lauderdale, Florida/U.S.A. Tel: (305) 484-8600 TIx: (510) 955-4261 amd ftl. 
PAL is a registered trademark of Advanced Micro Devices. Inc. FAST is a trademark of National 
Semiconductor Corporation. ©1988 Advanced Micro Devices, Inc. 
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The highest performance 
development tools. 


Now you can build a high 
performance development environ- 
ment around the engineering work- 
station you already own. And get 
your embedded microprocessor 
designs completed more quickly 
and with less effort than ever before. 

Your Sun, Apollo or DEC 
workstation has the processing 
power and high resolution graphics. inaclosely coupled development —_ you the largest overlay memory 
Applied Microsystems adds the environment. Whats more, VALI- capability in the industry. 
debuggers, utility software and DATE is supported by a rich library 
excellent emulation you need to __of linkers, loaders, compilersand Make your workstation work 


Our ES 1800 Series of emulators provide the most powerful transparent emulation system available anywhere. 


complete your system. Only Applied assemblers. even harder. 
Microsystems can make all of these Add the real-time, transparent Get full value from your invest- 
pieces work together seamlessly. emulation capabilities of our ES ment in engineering workstations. 
Host Operating System | Microcontrollers Languages Tools turn your workstation into the 
ee corteet 8051 family ae Aeetities 3 reare pee heart of a high performance 
sesamiae [rome ce [zero etee"* | microprocessor development 
TE ie Seelcs! | wmtgmtok | environment 
a ee ee To find out more, write 
| 780, 780H MK 3880/4 — Applied Microsystems 
and 230012 Corporation, P O. Box 97002, 
Hitachi: 64180 Redmond, Washington, USA. 
We offer debug and development tools with a difference: they are integrated solutions for virtually any 98073-9702. Or call 
development environment. (800) 496-392 5, in Washington 
Source or symbolic debugging for 1800 Series of 16-bit and 32-bit call (206) 882-2000. 
Intel, Motorola, and Zilog. Plus — emulators, and you have the most fi lie tier Moelle: 
the best emulation. powerful emulation system any- eben 


The VALIDATE family of where. The high speed SCSI inter- — Snstom- oe oe 
source and symbolic debuggers and face option lets you upload and 


host control software has been spe- download files more than twenty Mi 
cifically tailored by Applied Micro- __ times faster than with RS 232. Our 
systems to work with our emulators — Advanced Event Monitor System Applied 


lets you precisely control emulation : 
with logical statements of system Microsystems 


conditions. The ES 1800 also gives Corporation 
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Our ASICs 


are boring. 


Theyre easy to design.Theyre ready on time. 
And first-time success is virtually 100%. 


You've heard all about the excitement of 
ASICs. 

They improve performance, lower costs 
and make many new designs possible. 

But, unfortunately, youve probably also 
heard about one big potential problem: while 
many ASICs pass the tests specified by the 
designer, they don’t always work in the real 
world. And that causes excitement you can do 
without. 


How to get first-time success. 


It starts with our Design Simulation Software. 
It’s been rated the best in the industry by the 
people who should know—designers who 
have used it. Within three days, you can be up 
to speed, working at any of the major worksta- 
tions in the industry, creating and revising 
your ASIC with ease. 


The standard cell advantage. 


You'll really appreciate the power of our 
standard cells, which allow you to integrate a 
whole system, including macros, memories, 
logic and peripherals, onto a single chip. 

We have cells with effective gate length as 
small as 1.5u (.94 coming soon). And double- 
level metal for higher-density chips that can 
handle higher clock speeds. 

You can choose from a wide range of 
Supercells, including the leading-edge 
RS20C51 core micro, RAMs, analog functions, 
bit-slice processors, HC/HCT logic, Advanced 
CMOS Logic, and high-voltage cells. 

If they aren’t enough, we can even generate 


Supercells to your specs. 

And we’re also in the forefront of silicon 
compiler technology. So we can offer you the 
ability to create designs that are heavily BUS- 
structured, with your ROMs, RAMs, PLAs and 
ALUs compiled right into the design. 

We also bring you the resources of some 
very powerful partners, thanks to our alternate- 
source agreements with VLSI on standard 
cells; WSI on macrocells and EPROMs; and a 
joint-development agreement with Siemens 
and Toshiba on the Advancell® library of 
small-geometry cells. 


Gate arrays, too. 


If gate arrays are better for your design, 
you'll be able to choose from our full line up 
to 50,000 gates, with effective gate length as 
small as 1.2u and sub 1 ns gate delays. 

These gate arrays use “continuous gate” 
technology for up to 75% utilization. They 
are an alternate source to VLSI Technology 
arrays. 

We also alternate source the LSI Logic 5000 
series. 

And we have a unique capability in high-rel 
ASICs, including SOS. Our outstanding pro- 
duction facilities here in the U.S. produce 
high-quality ASICs in high volume at very low 
costs. 

It almost sounds exciting for something so 
boring, doesn't it? 

For more information, call toll-free today 
800-443-7364, ext. 25. Or contact your local 
GE Solid State sales office or distributor. 


In Europe, call: Brussels, (02) 246-21 -11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 


EDN September 29, 1988 


GE/RCA/INTERSIL 


SEMICONDUCTORS 


17 


HARTING/ Austria, Vienna, Tel. 0222-686818-0 - HARTING/ Belgium, Relegem, Tel. 02-465.42.40 - HARTING/France 
HARTING/Great Britain, Biggin Hill, Tel. (0959) 71411 - HART NG/Italy, Pioltello (Milan), Tel. 02-92100847 - HARTING/Japan, Yokohama, Tel. 045-931.5718 
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, Fontenay-sous-Bois Cedex, Tel. (1) 48770626 
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A SINGLE WHITE 
ELEPHANT CAN 
PRODUCE 
AN OPERATIONAL 
DISASTER. 


Elephants may not be the smartes 
but hundreds or even thousands of 
them can liak up to cover immense 
distances as a perfectly coordinated 
entity. They can do it with an effi- 
ciency that's often lacking in modern 
industry. Because, in nature and in 
industry, a single white elephant can 
produce an operational disaster. 


That's why we at HARTING produce 

a complete line of connectors for 
virtually all applications found in the 
electronics industry. Electronic controls 
and instrumentation, telecommunica- 
tions, robotized production technology 
and industrial automation are typical 
areas involving state-of-the-art 
technology where users of high-tech 
electronics equipment and systems 
can't afford white elephants. Especially 
when it comes to connectors. 


HARTING’s HAN® Industrial Connectors, 
- IDC Connectors, 
D-Sub Connectors 
and PCB 
Connectors are all 
designed and 
engineered 
to cover a wide 
range of high-tech applications, but 
we also use the latest high-tech production 
methods and equipment ourselves to produce 
our connectors. After all, we 
make sure that each connector that 
leaves. our plant delivers on the job what it 
promises on the 
drawing board. 


World headquarters: 
HARTING ELEKTRONIK GmbH 
P 0. Box 1140 - D-4992 Espelkamp 
West Germany 
]@ (05772) 47-1 - (x! 972310-11 he d 


CONNECT UP WITH QUALITY - 
WITH HARTING. 


® 


_HARTING 


HARTING/Netherlands, AM Etten-Leur, Tel. 01-608-354 00 - HARTING/Norway, Oslo, Tel. 02-64 75 90 - HARTING/Sweden, Spanga, 
Tel. (08) 7617980 - HARTING/Switzerland, Schwerzenbach, Tel. 01-8 255151 - HARTING/USA, Chicago, Tel. (312) 519-7700 
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| TOCASE™ D: rks all of its products with 
- solid applications support, both at the local and 

_ factory level. — : 
_ Microtek enjoys a long track record of being fir 
_ to market with eee! support for posi mz ajor 


80386 emulation. We're first to provide non-pro-_ 
rietary support nes eben tie mode* And 


mulz on systemisjustoneof § — Crack 80386 | protected 
dded software development tools. and open the dose to exciting 
_Our sho Analy Workstation (SAW) de é liv- : design possibilities—with the 
al-tim Sis _best 80386 emulation yet now | 
yment. For source code develop- available. From 
| ment, our Microte®® Research products provide you MicroCASE. 


*Without the use of a proprietary “bond-out” chip. 


IBM is a registered trademark of International Business 
Machines. VAX is a trademark of Digital Equipment _ 
=a OY Ba Corporation. Apollo is a trademark of Apollo Computer, 
Formerly Northwest Instrument Systems, inc. Inc. Sunis is a trademark of Sun Micro Systems. 


P.O. Bo: i” * Beaverton, ” 97075 


, 8051, 8031, 8344, 


8048 8, 8049, i050, 28, SUPERS, 6SHCIL, 64180, 80515. _ : 
for literature 


Bus by mea 


Flash A/D conversion 


as easy as 


TRW LSI Products makes it easy to 
select the high-speed A/D converter 
that best fits your needs. Our growing 
family of flash converters offers 
hybrid and monolithic solutions for 
your 8- and 9-bit applications. 


When board space is at a premium or 
your design window is narrow, the 8- 
bit THC1068 and 9-bit THC1069 
hybrids are convenient solutions, com- 
plete with precision voltage reference, 
wideband analog input amplifier and a 
three-state output buffer. Everything 
you've always wanted in a flash, in 
amazingly small 24-pin and 32-pin 
packages. 


You've still got maximum design flexi- 
bility with TRW’s low-cost monolithic 
flash converters: the industry standard 
8-bit TDC1048, the new standard 9- 
bit TDC1049, and the industry's first 
10-bit flash, the TDC1020. Any one 
you choose makes it easy for you to 
stay ahead of your competition. 
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TRW makes real-time sampling as 


easy as 1, 2, 3. 


We've got all that you've come to 
expect from TRW LSI Products includ- 
ing commercial and extended temper- 
ature ranges, as well as MIL-STD-883C 
screening. We're making it easy for you 
to use flash converters in your designs, 
and our products are easy to get from 
any Hall-Mark or Hamilton/Avnet 
location. 


7DC1048 | Monolithic | 8-bits | 20MSPS 


“THC1068 | Hybrid | 8-bits 
| DC1049 | Monolithic | 9-bits | 30MSPS | 
| THC1069 | Hybrid |  9-bits 


TRW LSI — bringing the worlds of data 
acquisition and DSP together. 


Call us and ask for our “Flash Pack,” 
a complete set of data sheets on our 
monolithic and hybrid A/D converters. 
For immediate technical assistance or 


price quote, call us at 619.457.1000. 


TRW LSI Products Inc. 
P.O. Box 2472, La Jolla, CA 92038 
619.457.1000 


In Europe, call or write: 
TRW LSI Products Inc. 
Munich, 089.7103.124; 

Paris, 1.69.82.92.41; 
Guildford (U.K.), 0483.302364 


In the Orient, phone: 

Hong Kong, 3.880629; 
Tokyo, 3.487.0386, 3.461.5311; 
Taipei, 751.2062; 

Seoul, 2.553.0901 


©TRW Inc. 1987 — 712A02888 
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TRW LSI Products Inc. 


Visit Us at ELECTRONICA ’88, Halle 25; Stand 25 C 6A 
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Intergraph and CLIPPER are registered trademarks of | 


ee 
_ENGINEER 


— CSPICE 


LAYOUT | 


ntergraph makes ASIC design easy. 

We provide a complete solution for ASIC 
development to help you create optimized 
and verified electronic circuits. 


From your workstation, simply push a 
button to access... 

| hierarchical schematic design 

LJ online electrical rules checking 

LJ leading ASIC model libraries 

| user-generated custom libraries 

| high-speed logic and fault simulation 


Resulting verified netlists can be used with 
a wide selection of physical design tools 
that Intergraph offers for standard cell, 
gate array, programmable gate array, and 
programmable logic device designs. 


The ASIC Engineer Series offers schematic 
symbols, simulation models, netlisters, 
back-annotation utilities, and simulation 
vector conversion utilities. 


Our 5-MIPS CLIPPER workstations and 
servers give you the performance to produce 
advanced ASIC designs with lower part cost 
and greater architectural flexibility — to get 
your products to market faster. 


Integrating CAE solutions... 

Call Intergraph...800-826-3515 or 
205-772-2700. CAE really is as simple as 
pushing a button. 
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Intergraph Corporation. 


S TO A000MHz from $1379... 


Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 
temperature range, in a rugged package... that's Mini-Circuits’ new MAN-amplifier series. 
The MAN-amplifier’s tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 

pc board area as a TO-8 and can take tougher punishment with leads that won't break 


off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
: 500MHz and 0.5 to 1000MHz, and NF as low as 2.8aB. 


Prices start at only $13.95, including screening, thermal shock -55°C to +100°C, 


fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 
voltage and current. 


Internally the MAN amplifiers consist of two stages, including coupling Capacitors. 
A designer's delight, with all components self-contained. Just connect to a dc 
pa supply voltage and get up to 28dB gain with +9dBm output. 


The newMAN-amplifier series... 
another Mini-Circuits’ price/performance 


breakthrough. 
FREQ. 
RANGE GAIN MAX. NF DC PWR_ PRICE 
(MHz) dB OUT/PWRt dB 12V, $ ea. 
MODEL f, to fy min flatnesstt dBm (typ) mA (5-24) 
MAN-1 0.5-500 28 1.0 8 45 60 13.95 
MAN-2 0.5-1000 - TSS 7 6.0 85 15.95 
MAN-1LN 0.5-500 28 1.0 8 2.8 60 15.95 
O©MAN-1HLN~ 10-500 10 08 +5 ce 70 15.95 
++ Midband 10f, to fuss? + 0.5dB +ldB Gain Compression ©Case Height 0.3 In. 


Max input power (no damage) +15dBm; VSWR in/out 1.8:1 max. 


finding new ways... 
setting higher standards 


ES) bs z= fess) 
ini-Circuilts 
A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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The opportunity for automated, low-cost assembly is a key 
benefit of surface-mount technology, but is often wiped out by 
the high price of surface-mount components. Now, Mini-Circuits offers a new series of 
mixers to meet the pricing demands of SMT ... only $2.49 in 1,000 quantity ($3.75 ea. in 
quantity of 10)... at a cost even lower than most conventionally-packaged mixers. 


The SCM-1 spans 1 to 500MHz with only 6.0dB conversion loss, 45dB LO-RF isolation, 
and 40dB LO-IF isolation. Housed in a rugged, non-hermetic 0.4 by 0.8 by 0.3 in. high 
(maximum dimensions) plastic/ceramic package. Spacing between connections is 0.2 
in. The mixer is offered with leads (SCM-IL) or without leads (SCM-INL) to meet a wide 
range of pc board mounting configurations. 


Each SCM-1 is built to meet severe environmental stresses including mechanical shock/ 
vibration as well as temperature shock. The operating and temperature storage range is 
—99°C to +100°C. Each SCM-1, designed and built to meet today’s demanding reliability 
requirements, Carries Mini-Circuits’ exclusive 0.1% AQL guarantee of no rejects on every 
order shipped (up to 1,000 pieces). 


When you think SMT for low-cost production, 
think of Mini-Circuits’ low-cost SCM mixers. 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 


CIRCLE NO 130 


Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


SPECIFICATIONS SCM-1L SCM-1NL 
(typical) (with leads) (no leads) 

FREQ. RANGE (MHz) 

LO, RF 1-500 

IF DC-500 
CONVERSION LOSS (dB) 

Mid-Band (10-250MHz) 6.3 

Total Range (1-500) Ee 
ISOLATION (dB) (L-R) (L-I) 

Low-Band (1-10MHz) 60 45 

Mid-Band (10-250MHz) 45 40 

High-Band (250-500MHz) 40 35 
PRICE $2.49 (1,000 qty) 

$3.75 (10-49) 
Units are shipped in anti-static plastic 
“tubes” or “sticks” for automatic insertion. 
C115 REV. ORIG. 
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youre testing complex boards 


You're facing one of test engineering’s toughest Stay in front of VLSI/VHSIC advances. 
challenges. VLSI boards like this one. But witha Start with the most advanced hardware for analog 


Teradvne L200 board tester on your side, complex and digital testing. An L200 fires functional test pat- 
test dolitelis can be sondcencd cuichle terns at 40 MHz rates. At up to 1152 test channels. 


Top speed is 80 MHz. That’s 4 to 8 times faster than 
any competitor can deliver. 

And the L200 hits test signal timing precisely. 
With up to 32 timing sets for drive phases and test 
windows. Its 250 ps programming resolution with 
zero dead time puts signal edges right where you 
want them. 

Divide and conquer. 

VLSI/VHSIC boards demand large, complex test 
programs. But the L200’s distributed computer 
architecture simplifies matters. 

Testing is controlled by a VAX computer. It sends 
tasks to specialized processors for rapid deployment 

The L293 VLSI Module Test System. of analog, digital, and memory tests. 
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SPLAYS 


heres asimple plan of attack. 


Programmers will appreciate clustered VAX 
workstations. Graphics, like waveforms and shmoo 
plots, make heavy debug and analysis light work. 
Simulation and other tactics. 

High-powered software tools tailor L200 test 
development to modern design techniques and test 

strategies. 
Precisely the 


ou Maximum Channel 


Take our LASAR simulator. It works closely with 
the L200 for both cluster and board-level testing. 
LASAR accurately predicts VLSI circuit responses 


and reports test program fault coverage. : 
Significantly, LASAR simulates L200 characteris- 
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tics. So test programs automatically include when to 
test board responses. And what response is expected. 
The result is uncompromising go/no go tests as well 
as precise guided probe or fault dictionary diagnosis. 
A powerful ally. 

L200’s have proven themselves under fire at hun- 
dreds of advanced manufacturing sites worldwide. 
So if you’re about to take on a new VLSI/VHSIC 
project, find out how to launch a winning test strat- 
egy. Call your local Teradyne sales office or write: 
Teradyne, Inc., 

MS L37, 

321 Harrison 


Avenue, Boston, . 
MA 02118, We measure quality. 


Antwerp 3-233-9271, Boston 617-482-2700, Esher 372-62199, Hong Kong 5-895- 

2155, Milan 2-2134601, Munich 89-40-1961, Paris 1-4745-1760, Rome 6-514-1646, 
Seoul 2-545-4066, Singapore 223-8561, Stockholm 8-750-5950, Taipei 2-505-8567 
Tokyo 3-719-0151 VAX is a trademark of Digital Equipment Corp. 
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“Atlunch today, I learned to use 
this programmable video generator. 
And still had time to eat.” 


While other RGB video generators 
take weeks to learn, ours take minutes. 
No digital training needed. No countless 
key combinations to learn. No need to 
use your PC unless you want to. Unlike 
other generators, Leader's have an inte- 
gral programmer (LVG-1604A and 
1603A) or are available with a program- 
mer unit (1601A). And you can get any 
of dozens of test patterns simply by 
touching one clearly 
marked key. 


Allthe 


functions 


you need. 
The LVG-1604A 
lets youtesteventhe  — 
most advanced high- 
resolution CRT's and 


Mrs 


Eh aria nnimerniiaentnetinenailins pate 


Select a Leader Video Generator 
with all the features you need. 


wide-band video transmission systems. 
Present or future. 

Analog, TTL and ECL outputs. 125 
MHz. 64-color capability. Storage of up 
to 200 display formats. Wide range of 
raster architectures, and most common 
test patterns with both stock and user- 
designed characters. Ability to change 
format conditions. These features are 
easy to learn—but hard to beat. 


Now you 


Can Cnoose. 
You shouldn't pay 
for more functions 
thanyou need. So 
call us for a free 
: copy of our full-line 
catalog. Pick the 
video generator 
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that’s right for you. Then, in just 30 min- 
utes, we'll show you how to use it. 

It'll be up and running before you finish 
your lunch. 


Call toll-free 


1 800 645-5104 


In NY State 
516 231-6900 


Leader Instruments Corporation 
380 Oser Avenue, Hauppauge, New York 11788 
Regional Offices: 

Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. 416 828-6221 


LEADER 


FOR PROFESSIONALS WHO KNOW 
THE DIFFERENCE 


SIGNALS & NOISE 


The Bard takes a bow 


Thanks very much for “Differential 
equations and Shakespeare: Meld- 
ing engineering studies and liberal 
arts” in the Professional Issues sec- 
tion of the May 26, 1988, issue of 
EDN (pg 279). The availability of 
a good liberal education, alongside 
an effective engineering education, 
is certainly the wave of the future 
for those engineering students who 
desire it. 

As engineers, we hold consider- 
able de facto power in shaping the 
world through the products we de- 
sign and produce. But because of 
our own head-in-the-sand attitudes, 
we are largely excluded from the 
decision processes that affect the 
society in which we live. We can 
no longer afford to hold such de 
facto power in technical, business, 
and entrepreneurial areas, but lack 
the perspective, techniques, and 
humanness to wield it properly. 


I am very much in favor of a bet- 
ter liberal education for engineers. 
But a formal, conventional liberal- 
arts curriculum is not the only way 
to gain such education, especially 
now that we’ve left school and we 
hold responsible positions. Curios- 
ity and interest in the world outside 
of science and engineering is the ba- 
sis for a home-grown liberal educa- 
tion for many of us long past our 
college years. 

We can read, obtain reading lists 
of related books, and follow our own 
“reading trails” of such books and 
periodicals. We can discuss our in- 
terests with friends and colleagues, 
and new friendships, perhaps out- 
side of science and engineering cir- 
cles, can develop. Mentor relation- 
ships with people knowledgeable in 
fields of interest to us can arise 
when we probe into certain sub- 
jects. We can enroll in selected uni- 
versity or industrial courses and 


seminars designed to augment the 
poor humanities backgrounds of sci- 
entists and engineers. We can take 
continuing-education courses and 
community “free school” courses. 
Travel for pleasure or business can 
turn into an educational and per- 
sonal-reflection process. 

The possibilities are endless for 
accomplishing a liberal education 
outside the formal university struc- 
ture. Such structures generally 
haven’t proved suitable for the 
needs and schedules of working 
engineers, anyway. 

The subject of broadening an en- 
gineer’s horizons often brings a 
negative knee-jerk reaction when 
aired either in discussion or in 
print. This is too bad, and it’s in- 
dicative of a potentially destructive 
and dangerous mentality within the 
profession. Such broadening is not 
for everyone, and no one is asking 
that it be forced on an individual. 


| J expansion bus = 4 Sent 
O ports. = Single 8-bit parallelsport, 


~ Optional racy features include on-board 
6888 1/68882 FPP and SCSI interface. 


HEURIKON 


Take Heurikon’s HK68/V2E for a trial run today. 
Call toll-free: 800-356-9602 (ext. 502). 
Telefax: 608-251-1076 
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ALL THE DIGITAL 


FILTER DESIGN AND 
ANALYSIS SOFTWARE 


STATE-OF-THE-ART DESIGN AND 
ANALYSIS SOFTWARE ON THE IBM PC 
XTIAT & PS/2 & COMPATIBLES 


DESIGN CAPABILITY: 


@ Lowpass, Highpass, Bandpass, Bandstop 
@ Differentiator, Hilbert Transforms, 
Multiband and Arbitrary Magnitude 
Filters 


ANALYSIS CAPABILITY: 


@ Analysis of digital transfer functions 
@ Transform analog transfer functions to 
digital transfer functions 


IIR FILTER DESIGN: 


@ Bilinear Transformation 

@ Impulse Invariant 

e Butterworth, Bessel, Tschebyshceff I & I, 
Elliptic 


FIR FILTER DESIGN: 
@ Several window functions 
@ Parks McClellan Equiripple 
MENU DRIVEN SCREENS 
OUTSTANDING GRAPHICS 


COEFFICIENT QUANTIZATION 
(8 TO 32 BITS) 


COEFFICIENT SCALING FOR: 


e@ Cascade Form I & Il 
@ Parallel Form I & Il 


SUPPORTS MOST HARDWARE 
CONFIGURATIONS 


CODE GENERATION FOR 
MOTOROLA DSP 56000 
TI TMS320 Series 


WITHOUT ALL THE 
EXPENSE 
from $495.00 


CALL FOR FREE DEMO 


fd 


MOMENTUM 
DATA SYSTEMS"* 


1666 NEWPORT BLVD., # 115, 
COSTA MESA, CA 92627 
PHONE (714) 548-3257 


32 CIRCLE NO 1 


SIGNALS & NOISE 


But for those of us who are inter- 
ested in both technology and the 
world at large, let’s make it possible 
to be involved in both, during our 
degree educations and in the ca- 
reers that follow. 

Richard Simonelli 

Ziji Technical Services 

Boulder, CO 


Engineering schools can 

aid in education reform 

The Professional Issues pages by 
Deborah Asbrand in EDN’s May 
26, 1988, issue (pg 279) discuss the 
very serious problem of engineers’ 
education in “humanistic,” “liberal- 
arts,” or “nontechnical” subjects. 
As an older engineer, I should like 
to add some comments and sugges- 
tions. 

First, the problem is real. Few 
of us can doubt that engineers will 
be better in their jobs and better 
citizens if they know how to write 
effectively and speak clearly. To do 
so, they require not only writing 
and speaking skills, but a full meas- 
ure of “cultural literacy” (Hirsch, E 
D, Cultural Literacy: What Every 
American Needs to Know, 
Houghton Mifflin Co, 1987). 

Deborah Asbrand writes that 
“Technical talent is as important as 
ever, but it’s no longer enough.” Of 
course, it never was. Engineers 
may be less accomplished than 
members of some other professions, 
but the level in most of today’s 
American society is dismally low, 
and perhaps is still declining 
(Bloom, A, The Closing of the 
American Mind, Simon and Schus- 
ter, 1987; Ravitch, D, and C E 
Finn, C E, What Do Our 17-year- 
olds Know? Harper and Row, 
1987). 

Second, consider the solutions. 
To the extent that we are talking 
about a national problem, the solu- 
tions are beyond the scope of engi- 
neering schools. These schools can 
probably contribute to, and will cer- 
tainly benefit from, a general im- 


provement in young people’s educa- 
tion, but for now they must look 
at what is specific to engineers. 
This country is fortunate in that it 
has a large number of schools with 
widely differing approaches. Debo- 
rah’s examples seem to suggest that 
many of our best engineering 
schools see an increase in required 
nontechnical courses as the main 
road to giving engineers a broader 
background. In this letter I shall 
suggest an entirely different ap- 
proach, which I believe has some 
merit. I hope a few good schools 
will try it. 

Despite Deborah’s remarks about 
the time available for liberal-arts 
studies, it should be obvious that a 
school year has only a finite amount 
of time. What time is used for sub- 
ject A is necessarily unavailable for 
subject B. This fact would not be 
not changed by lengthening the 
school year from eight to 10 or 11 
months, useful as that might be. 

What I propose is to raise entry 
requirements to include a thorough 
preparation in all the basic skills as 
well as math and humanities. Then 
engineering schools would concen- 
trate on math and physics as gen- 
eral background, and specific engi- 
neering theory and applications 
courses would be the mainstream, 
with increasing specialization of- 
fered for advanced-degree stu- 
dents. Students with an interest in 
marketing or administration should 
be encouraged to supplement their 
engineering degrees with MBAs, 
not dilute their engineering studies. 
Any humanities courses offered or 
required should have direct rele- 
vance to an engineering career, and 
should be offered for credit only if 
they form a coherent entity. At 
most, 10 to 12% of graduation credit 
should be allowed for these courses, 
and the requirement should not ex- 
ceed 5 to 6%. Philosophy with appli- 
cation to science might be one such 
required course. Such a course 


might also benefit students who are 


not in engineering. 


As requirements for entry, I 
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Record-Shattering 
CPU Performan: 


Sustained 20-MIPS, 7-MFlop 
throughput in a 32-bit CM 
CPU and FPU. 


Nothing else 
comes close. 


What happens when you blend our ~ 
ultra-fast PACE Technology™ with wee 
the top-performing RISC archit | 

Simple—a breakthrough of ma 
A 32-bit CPU/Floating point processor set that 
delivers sustained throughput of 20-MIPS, and 
/-MFlop single precision, ASS ‘ 
or 4-MFlop double precision. — css 
(Peak throughput exceeds 25- MIPS. ) E 

There’s more. The market-rattling performance 
of the PaceMips™ R3000 and R3010 is supported 
by 256K bytes each of high-speed instruction and 
data cache memory. The speed, as you might 
expect, is made possible by our 64K, 16K and 4K 
SRAMs—the world’s fastest—in x1, x4 and x8 
organizations. 

lf record-shattering performance interests you, 
you'll call our marketing HOT LINE today at 
(408) 734-9000 for more information. On pricing. 
Operating systems. Compilers. Development 
systems. And fast static RAMs. 

The PaceMips R3000 and R3010. Ready now. 
With champion performance that can make your 
next system a winner, too. 


PERFORMANCE 


SEMICONDUCTOR CORPORATION 


Performance Semiconductor Corporation 
610 E. Weddell Drive, Sunnyvale, CA 94089 
Telephone (408) 734-9000 


PACE Technology is a trademark of Performance Semiconductor Corporation. 
PaceMips is a joint trademark of Performance Semiconductor Corporation and 
MIPS Computer Systems, Inc. 
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- xe SwitcHmone 
POWER SUPPLIES 


_ 350 to 1500 Watts — 
M3 to 15 Outputs 


= 400 to 3000 Watts in 5” x 8” = 
- Standard Package 
®@ 155,000 Hrs. Demonstrated 
MTBF 


Hot Plug-in 
FAULT TOLERANT 
(N+ ) POWER SYSTEMS 


& tind to Six Sipaliee 
™@ Expandable, 300 to 1800 Watts 
H@ Internallsolation Diodes (Option) 


Powertec 


A Bonar Power Supplies Company 


20550 Nordhoff Street Chatsworth, CA 91311 
(818) 882-0004 * FAX (818) 998-4225 
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would include basic skills such as 
reading and writing at a high level 
and a solid mastery of calculating 
devices from the slide rule and log 
tables to simple computer tasks— 
maybe on personal computers run- 
ning Basic. Next, students should 
be required to have elementary 
math at least up through trigo- 
nometry, some number theory, and 
some calculus. 

In the humanities, the entering 
student should have a thorough 
knowledge and understanding of 
American and world history, civics, 
economics, geography, literature, 
mythology, and art, and preferably 
should learn to read, write and 
speak at least one foreign language. 
In all of these areas, accomplish- 
ment in the subject—not just expo- 
sure to it—should count. The engi- 
neering school might offer remedial, 
noncredit courses for students who 
fall short in one or a few of the entry 
requirements. The school might 
also offer a full-year preparation 
course, maybe for college credit, 
but not to be counted as part of the 
engineering graduation require- 
ments. Entering students should 
prove their knowledge by passing 
a test, whether they have come di- 
rectly from high school or from the 
special preparation course. 

I believe that a curriculum set up 
along these lines could attract many 
students by offering superior engi- 
neering preparation without cul- 
tural deprivation. I realize that few 
high schools today offer preparation 
at the level this program would re- 
quire, but that deficiency should not 
be the engineering school’s main 
concern, and the demanding entry 
requirements would give some high 
schools the incentive to improve. 
That, in itself, is highly desirable. 

P S—I also have a piece of advice 
for EDN and for Deborah Asbrand: 
It is almost axiomatic that you 
should write with a clear picture of 
your audience in mind, but the style 
Deborah uses is not appealing to en- 
gineers, even if another audience 
might enjoy it. Whatever failings 


engineers as a group may have, 
they can think about abstractions; 
they do not need to have a subject 
regurgitated by “real” people— 
such as Bob Wilson, Dale Ogle, 
Terry McCarty, etc, even if those 
people are indeed real and not com- 
posites or fictions. In fact, the “hu- 
man interest” style is generally an- 
noying to many of us, and I only 
read the piece referred to because 
of my great interest in the subject. 
Jorgen P Vinding 

Vashon, WA 


(Ed Note: The people Deborah 
quoted in the article are real. EDN 
does not represent fiction as fact. 
Further, the Professional Issues 
section is one of the best-read sec- 
tions of the magazine. The com- 
ments we receive from readers on 
the Information Retrieval Service 
cards are a further indication that 
many of Mr Vinding’s colleagues 
don’t share his opinions on human- 
interest-style writing. As always, 
we invite readers to send their com- 
ments on the subject to the Signals 
& Noise Editor, EDN, 275 Wash- 
ington St, Newton, MA 02158.) 


YOUR TURN 


EDN’s Signals and Noise column pro- 
vides a forum for readers to express their 
opinions on issues raised in the 
magazine’s articles or on any topic that 
affects the engineering industry. Send 


your letters to the Signals and Noise 
Editor, 275 Washington St, Newton, MA 
02158. We welcome all comments, pro 
or con. All letters must be signed, but 
we will withhold your name upon re- 
quest. We reserve the right to edit let- 
ters for space and clarity. 
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DESIGN NEWS 


Analog Design Insights from Maxim Integrated Products 


August ‘88 


Maxim’s Third Annual Analog Design Seminar 


Since our last tour in 1987, Maxim has introduced over 60 new products. We invite you to find out what we've been up to in 
an all new applications oriented presentation given by Maxim engineers. Our presentation includes a variety of innovative 


circuit solutions and previews products soon to be announced. 


Each attendee will receive: a 1988 Applications Handbook, Maxim’s new Full Line Databook, the first issue of the 
Maxim Engineering Journal and free filter design software with manual (upon request). 


Seminar Highlights 


Microprocessor Support Circuits 


@ New supervisory ICs expand functionality: 
Reliable power-on/low-line reset and power fail detect 
Automatic battery switchover and RAM chip 
enable gating 
Watchdog software monitor 


@ New uP support ICs for battery applications — 
GOYA Isupply 


® Low voltage application circuits 


@ New RS232 products — Single +5V supply — Already an 
industry standard — Even more features have been 
added 


® New Opto-lsolated RS-232 transmitter/receivers solve 
industrial interface problems 


Power Supply Circuits 
@ DC-DC converter IC that works from a single cell battery 
® Linear and switching regulators that run on microwatts 


@ Take the pain out of inductor and transformer design and 
selection 


@ New DC-DC conversion and power supply applications 


(Please see location and date schedule on back page) 


Analog Filters 


@ New digitally programmed universal filters — Top 
performance and microprocessor control of any filter 
type, bandwidth to 140kHz 


@ New filter design software and graphics — Speed design 
time for complex filters -Check response of new designs 


@ New 5th-order lowpass filter for instrumentation has zero 
DC offset voltage 
Data Acquisition Systems 


@® New A to D Converters: 
High performance 3yus 12 bit ADC — Internal reference 
Low cost resolution and speed — 12 bits in 10us 
New A/Ds measure + inputs with only + supply 
More converters with on-chip bandgap references 


® Selecting sample-holds and op-amps for ADCs 

®@ Simple tests for ADC noise and linearity 

®@ Raise conversion speeds by “pipelining” low cost ADCs 
@ Applications for low voltage data acquisition 


Please respond in the next 10 days 


to reserve your seat and literature for this 
soon to be sold-out event! 


PLACE 
FIRST 
CLASS 


POSTAGE 
HERE 


MA AAL/VI 


Maxim Integrated Products, Inc. 


120 San Gabriel Drive 
Sunnyvale, CA 94086 


Attention: Seminar Coordinator 


Maxim’s 1988 Analog Design Seminar Schedule 


Maxim's 1988 Analog Design Seminar is being held in major cities across the United States. Choose a location near you and 
either mail the attached reply card to Maxim, contact us at (408) 737-7600, or make a reservation today with your Maxim 
representative. 


#44 ~—_ AL, Huntsville Nov. 18 #16 — IL, Chicago Oct. 6 #33 QH, Cleveland Nov. 4 
#48 AZ, Phoenix Nov. 30 #17 — IL, Chicago (Hallmark) Oct. 7 #32 OH, Columbus Nov. 3 
#50 AZ, Tempe Dec. 1 #21 — IN, Fort Wayne Oct. 14 #31 QH, Dayton Nov. 2 
#52 AZ, Tuscon Dec. 2 #20 —_ IN, Indianapolis Oct. 13 #45 OK, Tulsa Nov. 18 
#62 CA,Los Angeles Dec. 14 #6 ~~ MA, Burlington Sept. 21 #2 — OR, Portland Sept. 14 
#11 CA, Oakland Sept. 28 #7 ~~ MA, Framingham Sept. 22 #10 Ottawa, Ontario Sept. 27 
#63. CA, Orange County Dec. 15 #27 ~~‘ MD, Baltimore Oct. 26 #26 PA, Fort Washington Oct. 25 
#1 CA, Sacramento Sept. 13 #28 MD, Calverton Oct. 27 #30 —_~PA, Pittsburg Nov. 1 
#57 ~~‘ CA, San Diego Dec. 8 #18 = Mi, Detroit Oct. 11 #55 ~~ SC, Columbia Dec. 7 
#60 CA,SanFernando Valley Dec. 13 #19 Ml, Grand Rapids Oct. 12 #40 — TN, Knoxville Nov. 16 
#13 CA, San Jose Sept. 29 #22 MN, Minneapolis Oct. 18 #42 — TN, Nashville Nov. 17 
#58 CA, Santa Barbara Dec. 9 #9 Montreal, Quebec Sept. 26 #12 — Toronto, Ontario Sept. 28 
#54 CO, Colorado Springs Dec. 7 #35 MO, Kansas City Nov. 9 #43 ‘TX, Austin Nov. 17 
#53 CO, Denver Dec. 6 #34 MO, St. Louis Nov. 8 #41 ~—‘TX, Dallas Nov. 16 
#8 CT, Waterbury Sept. 23 #37 ~—-NC, Raleigh Nov. 11 #39 TX, Houston Nov. 15 
#49 ‘FL, Clearwater Dec. 1 #5 NH, Nashua Sept. 20 #56 —_-UT, Salt Lake City Dec. 8 
#46 ‘FL, Ft. Lauderdale Nov. 29 #25 NJ, Saddlebrook Oct. 21 #4 ~~ Vancouver, B.C. Sept. 16 
#51 FL, Ft. Walton Beach Dec. 2 #23 NJ, Westchester Oct. 19 #29 — VA, Tysons Corner Oct. 28 
#47 ‘FL, Orlando Nov. 30 #24 NY, Long Island Oct. 20 #3 ~~ WA, Seattle Sept. 15 
#38 GA, Atlanta Nov. 15 #61 NY, Rochester Dec. 14 #15 WI, Madison Oct. 5 
#36 —_ IA, Cedar Rapids Nov. 10 #59 ~~ NY, Syracuse Dec. 13 #14 ~~ WI, Milwaukee Oct. 4 

Maxim’s 1988 Analog Design Seminar Reservation 

Select the seminar location nearest to you, noting the seminar number when reserving your seat: 

Seminar No.: Location: Date: 

Name: Job Title: 

Company: Dept./Div.: 

Adaress: 

City: State: Zip Code: 


Please give a telephone number where you can be contacted, so Maxim’s representative can inform you of hotel and starting time (most 
seminars start at 8:30 a.m.): ( 


O Sorry, | won't be able to attend. Please send me a set of the Seminar literature. 


) 


. Refreshments will be served. 
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HP humbly introduces 
the highest performance 
multimeter in the world. 


100,000 readings per second and Cal Lab accuracy. 


Lots of people claim they have the best a measurement and output to the bus 

multimeter, but we’re just going to let the 200 to 300 times per second. 

specs do the talking. You'll see we’ve created ¢ Calibration standard accuracy and 

a multimeter that doesn't present you with 8% digits. 

a bunch of trade-offs—you can have speedand ‘To get complete technical specifications 2 
accuracy. before you order an HP 3458A DMM for your 


¢ 100,000 readings per second at 442 digit system, contact your local HP sales office. 
resolution. If you need 5¥2 digit resolution, 
you'll get it at 50,000 readings per second. 

¢ Remarkable throughput rate — change v4 HEWLETT 
a function and change a range, take © 1988 Hewlett-Packard Co. 0901707/EDN ip PACKARD 


EDN September 29, 1988 2 : - CIRCLE NO 93 37 


ce 


i 


cnet 
oo 
fi 


| 


1OOns cycle 


‘it 


eS 


; 
. 
/ 


| 


- 
_ 


§ Point 


inl 


_ 


t Float 


i 


is 
_ . 


True 22-b 


The OKI DSP 22-bit Floating Point 
flexibility, on a single CMOS chip. 


+ Expanded on-board RAM and ROM + Powerful instruction expansion 
+ High-speed cycle times + Unique application ease. 


OKI gives you a big lift in Digital Signal 
Processing. With the fastest-growing family 
of CMOS devices and high-level support 
tools on the market today. Only OKI now 
offers true floating point CMOS DSP 
solutions, because we target our system 
technologies to customer needs. 


The OKI DSP chips. 

Now joining our widely-applied 6998 DSP: 
the new code-compatible OKI 6992810, 
setting new benchmarks in both price and 
performance. A 1.5 micron CMOS design, 


the new 210 significantly expands your DSP 


capabilities—at a significantly lower cost. 


SOFTWARE 


The OKI DSP LIBRARY 
support. 


EMULATION EVALUATION 


All our device-family innovations are 
enhanced by OKI’s complete family of DSP 
support tools. These cover every develop- 
ment and programming function involved 
in any DSP design effort. Quickly, simply 
and cost-effectively. 

Your total development process is PC- 
based, using OKI’s own DSP hardware and 
software tools. Plus you can assemble in 
high-level mnemonics, with our Interme- 
diate Language Assembler. Makes 
programming easier since the pipeline 
is invisible, while still producing very 
efficient code. 


SEMICONDUCT 
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OKI 


We built in twice as much internal 
memory: 512g x 28-bit words of data RAM; 
eK X 32-bit words of instruction ROM. 
210 instructions have been expanded to 
include a power-down mode, save and 
recover modes, as well as the ability to 
inhibit post-normalization. Plus program- 
mable wait states for interfacing with slow 
memory. 

Both single-chip DSPs, 69928 and 210, 
can be configured for floating point 
format, fixed data format or logical 
data format. Both offer 100Ons instruction 
cycle times. And any code written for the 
6992 can be run on the al0. 


We’ve made debugging easier too. With 
SIM98/210 software for simulation, and 
the EVA98/210 board for evaluation. To 
handle emulation, we can supply an ICE 
for realtime development. Or use our 
special PC-AT cards. The first is a digital 
card for ICH-less emulation. The other 
provides 12-bit ADC-DAC conversion, with 
programmable sampling rates and anti- 
aliasing filter. 

It’s all here: high-level math processors 
plus a high-level development process. 
True DSP solutions, simplified by the 
industry’s most committed system 
technologies. 


P — Set yourself up! 


“Please send complete DSP 

technical data package for: 

L] OKI 6992 — 22-bit Floating 
Point CMOS DSP. 

L] OKI 699210 — 28-bit Floating 
Point CMOS DSP. 

L] Call me. I have immediate 
requirements. 


TOME? 32) 


Name/Title__ 


Company 

0929EDN. 
Please clip coupon to business card or letterhead and return to: 
DSP Customer Service, OKI Semiconductor 
650 N. Mary Avenue, Sunnyvale, CA 94086. (408) 720-1900. 
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: Diesen ae yutation’ s high powered 


CAE/CAD packages provide a complete 
end-to-end solution for PCB design. 


: ee Schematic oe 


- rt Master Generation, ndaaine Gerber 


formats. Features include 
nt upport, high resolution 
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Tight Schedule? Complex Project? Tough Problems? 


40 


Add MicroDimensions 
to Your Team 


Let MicroDimensions assist you — with complete 
hardware and software development services. 


*We can help you with part of a project you prefer not to handle — or 
all of the job from start to finish 

* Hardware design facilities include a complete electronic design lab 
including CAD design tools & PC layout 

* Software development capability in a wide range of languages, 
environments, including VAX/VMS, and the 68xxx family 

*System integration services include system design, prototyping, 
assembly and testing 

*Our specialties include VME, MAP, communications, and process 
control. We have extensive servo experience 

*We are proud of our proven record of performance — 
on schedule, within budget 

*A prestigious client list including many Fortune 100 companies 


For a corporate brochure contact Bruce R. Knox, President 


@. MicroDimensions, Inc. 
7345 Production Drive 
Mentor (Cleveland), Ohio 44060 
Phone: (216) 974-8070 * FAX: (216) 974-1648 
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CALENDAR 


1988 National Communications 
Forum (NCF88), Chicago, IL. 
NCF88, 303 E Wacker Dr, Suite 
379, Chicago, IL 60601. (312) 938- 
3500. October 3 to 5. 


Computer Graphics Invitational 
Computer Conference (ICC), Irv- 
ine, CA. Suzanne Hubner, B J 
Johnson & Associates, 3151 Airway 
Ave, C-2, Costa Mesa, CA 92626. 
(714) 957-0171. October 4. 


International Electronic Manu- 
facturing Technology (IEMT) 
Symposium, Lake Buena Vista, 
FL. Bill Moody, 2529 Eaton Rd, 
Wilmington, DE 19810. (802) 478- 
4143. October 10 to 12. 


Troubleshooting Microprocessor- 
Based Equipment and Digital De- 
vices, Indianapolis, IN. Micro Sys- 
tems Institute, 73 Institute Rd, 
Garnett, KS 660382. (800) 247-5239; 
in KS, (918) 898-4695. October 11 
to 14. 


Computer-Aided Software Engi- 
neering Symposium (CASES), 
Chicago, IL. Digital Consulting Inc, 
6 Windsor St, Andover, MA 01810. 
(508) 470-8870. October 12 to 14. 


Modern Electronic Packaging 
(seminar), Boston, MA. Technology 
Seminars, Box 487, Lutherville, 
MD 21098. (801) 269-4102. October 


12 to 14. 


Worst-Case Circuit Analysis 
(seminar), San Francisco, CA. De- 
sign and Evaluation, 1000 White 
Horse Rd, Suite 304, Voorhees, NJ 
08043. (609) 770-0800. October 17 
to 19. 


Troubleshooting Microprocessor- 
Based Equipment and Digital De- 
vices, Atlanta, GA. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 66032. (800) 247-5239; in KS, 
(913) 898-4695. October 18 to 21. 


Computer Graphics Invitational 
Computer Conference (ICC), Dal- 
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THE ANATOMY OF A 
FRAME TRANSFER SENSOR 


Inside the world’s most innovative 
imaging devices, a miniature solid-state 
sensor gathers visual data much like the 
retina of the eye. 3 

Today, Philips is applying the benefits 


of frame transfer tech- 


Se nology to solid-state 
al = sensors. With _ its 


unique separation of 
imaging surface from 


the 


sensor 


frame 
has 


brought new standards of resolution and 


memory, 


transfer 
sensitivity to imaging applications. 


NEW RESOLUTION FOR 
COMPUTER READERS 


As computer readers demand moreand 
more accuracy, it’s increas- 
ingly important for them to 
distinguish every image in 
perfect detail. 

With a resolution ap- 
proaching 350,000 pixels 
(over 450 horizontal TV 
lines) our sensor can pick up 
even the finest details. 


PHILIPS 
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A solid-state 


NEW SIGHT FOR 
SLIDE SCANNERS 


Image pickup devices in slide 
scanners must be sensitive to the 
slightest nuances in colour and 
shading. 

The frame transfer sensor is 
designed for superb colour balance across 
the entirespectrum — including subtle blue 


light. 


NEW CLARITY FOR CAMERAS 


Today’s cameras must notonly be light- 
weight, butsensitive enough to shootaclear 
picture in all lighting conditions. 

Oursensor’s efficient imaging area gives 
it superior sensitivity even when as little as 


0.05 lux reaches the sensor. 


“eve” available standalone or with sub-assembly. 
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NEW VISION FOR MACHINE 
VISION 


Every 20 milliseconds (16.7 NTSC), 
a complete image is picked up in the 
sensor's imaging area, shifted into a 
separate storage area, and then read out 
as a video signal. 
With the imagingarea devoted exclusively to 
image pick-up, the sensor can focus on 
even the smallest details. This results in 
outstanding accuracy for machine vision 


applications, where precision is essential. 


AN EYE FOR EVERY APPLICATION 


These are just few of the extraordinary 
possibilities for the Philips frame transfer 
sensor. Philips supplies it either stand alone 
or with a sub-assembly ready for placement 


in your devices. 


To find out how 
the Philips frame trans- 


fer sensor can work for you, telex Mr. 
D.A.RoubosinEindhoven, telex-nr. 35000 
nlje vmc, or write Philips International BV,, 
Building BA, P.O. Box 218, 5600 MD 
Eindhoven, The Netherlands. 


PHILIPS 
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At JAE, the 
future is now! 


TX7 Series 


The leader in 
high density connectors 


As one of the top five worldwide connector 
manufacturers, JAE -in cooperation with major 
electronics O.E.M.s-has developed a complete 
family of 2-piece PCB connectors for small 
computer interface. The TX Series of low 
profile, high density connectors are real estate 
efficient, stackable, and available now. 

JAE has been a leading manufacturer of elec- 
tronic components for over 30 years and has a con- 
nector for virtually every application. As electronics 
equipment becomes smaller and lighter, JAE con- 
tinues to research and develop connectors to meet 
the changing needs of the industry. The TX Series is 
just one example of how JAE is keeping pace with 
the industry. These high density connectors meet all 
EMI specifications and can be used in a wide range 
of state-of-the-art electronic systems applications. 

Call or write today for information on the TX 
Series and the complete line of JAE connectors. 
JAE..where the future is now! 


TX10 S es. 


JAE 


ame Se 
JAE Electronics, Inc. 


Just about electronics! 


1901-A E. Carnegie Avenue 
Santa Ana, CA 92705 
714/250-8770 

800/ JAE - PART (523-7278) 
except CA and AK 

FAX 714/250-8957 
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DID YOU KNOW? 


Half of all EDN’s 


articles are staff-written. 


EIDIN 


CALENDAR 


las, TX. Suzanne Hubner, B J 
Johnson & Associates, 3151 Airway 
Ave, C-2, Costa Mesa, CA 92626. 
(714) 957-0171. October 20. 


OEM Peripheral Invitational 
Computer Conference (ICC), 
Bloomington, MN. Suzanne Hub- 
ner, BJ Johnson & Associates, 3151 
Airway Ave, C-2, Costa Mesa, CA 
92626. (714) 957-0171. Octo- 
ber 20. 


CASE Benchmarks: A Product 
Comparison Seminar, Boston, 
MA. Digital Consulting Inc, 6 
Windsor St, Andover, MA 01810. 
(508) 470-3870. October 24 to 26. 


Troubleshooting Microprocessor- 
Based Equipment and Digital De- 
vices, Atlanta, GA. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 66032. (800) 247-5239; in KS, 
(913) 898-4695. October 24 to 27. 


OEM Peripheral Invitational 
Computer Conference (ICC), 
Westlake Village, CA. Suzanne 
Hubner, B J Johnson & Associates, 
3151 Airway Ave, C-2, Costa Mesa, 
CA 92626. (714) 957-0171. Octo- 
ber 25. 


11th Annual Newport Conference 
on Fiberoptics Markets, Newport, 
RI. Kessler Marketing Intelligence, 
America’s Cup Ave at 31 Bridge St, 
Newport, RI 02840. (401) 849-6771. 
October 25 to 26. 


Unix Hands-on Workshop (short 
course), Boston, MA. Integrated 
Computer Systems, Box 3614, Cul- 
ver City, CA 90231. (800) 421-8166; 
in CA, (218) 417-8888. October 25 
to 28. 


ICALEO ’88 (International Con- 
gress on Applications of Lasers 
and Electro-Optics), Santa Clara, 
CA. The Laser Applications Con- 
gress, 5151 Monroe St, Suite 102W, 
Toledo, OH 43628. (419) 882-8706. 
October 30 to November 4. 
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CHIP TECHNOLOGY. 
Toshiba quality is built right 
into every disk drive 

we manufacture. 

— , All the way down 

: MAGE DATA. v 4 %, _ to the VLSI chips 
app we make ourselves 


EE) NARRATIONENG) 
and our advanced 
Surface Mount 


agua Technology.So = PERPENDICULAR 
you get qualityand == RECORDING. 
ibis 2g ate Toshiba holds key patents in the area 
CUES EGP) ee of perpendicular recording, The first 


OPTICAL product implementation is our 4Mb 
TECHNGNOGY. 2 urcoct o. 
| - lots more to 
We delivered the world’s first optical drive back in 1981. come. 

Our current line includes the fastest half-high 5.25” 

CD-ROM and the capacity leaders in 5.25” and 12” WORM. 


SERVO TECHNOLOGY. 


The Hybrid-Servo on our MK-250 
Winchester drive uses dual servo 
technology to provide 380Mb on 257 
fewer disks. This pioneering effort lays 
a solid foundation for the gigabyte- ; 
plus 5.25” Winchesters to come. 


HYBRID SERVO (ON TRACK) ROBOTICS. 


Even the robots we use to build our drives 
are built by Toshiba. Its just one more way we 
make sure that, when you select Toshiba, you 
get disk drives of consistent high quality. To find 
out how Toshiba can give you a hand, call us at 
1-800-456-DISK. 


THERMAL ERRORS 


In Touch with Tomorrow 


TOSHIBA 


TOSHIBA AMERICA, INC. 
Disk Products Division, 9740 Irvine Blvd., Irvine, CA 92718 yi 
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The Analog 
Isolation Revolution 
ontinues... 


New, 
Miniature 
ISO Amp 
‘Handles 
]IsOOVrms 


Our new ISO120O isolation 
amplifier gives circuit 

_ designers more circuit 

| protection, accuracy, 

_ and reliability than ever 

_ before possible at such 

| low cost. Its small pack- 

_ age, high performance, 


_ and low cost are ideal 

_ for multichannel data 
acquisition and industrial 

_ control systems and test 

| equipment applications. 


Patented 
Barrier 


» high bOOVrms rated ! 


isolation voltage, 1OO% Tech nology 
tested and guaranteed Is The Key 


- 12-bit accuracy with 
minimum external parts | 


- rugged, compact 
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Check these features: 
i 


12” x O.3” hermetic | : 
DIP package _ The superior isolation 
| performance of the new 
|» wide +4.5V to +18V en, : 
supply range amps is achieved using 


Burr-Brown's revolution- 


¢ synchronizable to ary ceramic capacitive 
eliminate “beat barrier technology, simi- 
frequency” noise lar fo winning designs for 


the popular ISO102/106 
series. The input and out- 
put sections of ISO120/121 
| are galvanically iso- 

| lated by matched IpF 


3500Vrms model, 
| 
_ tungsten capacitors 
| 


ISO121, available ina 
2”x0O.6” hermetic 
DIP 
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_ embedded in the 
ceramic barrier 
material. This 
creates a very 
rugged, com- 
pletely hermetic 
isolation barrier 
able to withstand 
a extreme mechan- 
mee ical, thermal, and 
electrical stresses 
with no damage. 
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We Have 
All The > 
“Isolutions” 
You Need! 


We offer more signal 
and power isolation 
solutions than any other 
company, all backed by 
30+ years of analog 
design and manufactur- 
ing experience. Ask your 
Burr-Brown technical rep 
for details, or call 
Applications Engineer- 
ing, 602/746-1111. Burr- 
Brown Corp, P.O. Box 
11400, Tucson, AZ 85734. 


BURR -BROWN® 
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EDITORIAL 


It’s time for Congressional change 


Jesse H Neal 

Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 198] 
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Over the past few decades, Congress has become a haven for people who 
advocate narrow interests rather than for statesmen who hold a broader 
vision. Although the issue is easily overshadowed by the Presidential 
election this year, it’s important to remember that we’ll also be electing 
a new set of congressmen and congresswomen this year, along with quite 
a few senators. Here are several ideas that might get Congress back on 
track and make it once again responsive to the people who elect it: 

1. Establish limited terms of office: 12 years for a senator and eight 
years for a representative. It’s unlikely that our Founding Fathers ever 
envisioned the class of “professional” politicians we have today. New peo- 
ple bring with them fresh ideas, and both are in short supply today. 

2. Finance congressional elections by individual contributions alone. 
No more political-action committee (PAC) money could be given to eandi- 
dates. If you have a Social Security number, are a US citizen, and are 
registered to vote, then you can contribute a maximum of $100 to candi- 
dates you can vote for. 

3. Limit outgoing mailing during election years. During 1986—the last 
congressional-election year—Congress mailed 12,000 items for every in- 
coming letter. Most representatives flood their constituents with newslet- 
ters and reports during election years. Today’s PAC money and mailing 
advantages almost guarantee that we’ll see a re-election rate of close to 
100% in the House this year. (It was 98% in 1986.) 

4. Make Congress live up to the laws and regulations it applies to others. 
It’s now exempt from the Civil Rights Act and the Ethics in Government 
Act, for example. So Congress can tell you that discrimination is illegal 
while discriminating against anyone it chooses to. If the citizens should 
live by the law, so should their representatives. 

5. Put a lid on the number of staff employees each representative and 
senator has. Congress employs about 31,000 people, many of whom are 
related to other officials. Most of our representatives could get by with 
smaller staffs if they weren’t catering to lobbyists and special-interest 
groups. Four or five staff people would do it. 

6. Limit the length of any bill being considered. Some people suggest 
a limit of 25 pages, which would be the length of the Constitution if it 
were typed double spaced. It might be wise to limit a bill to one idea and 
to disallow any riders or attachments. The recent 1000-page trade bill 
was an abomination. It was too long to be read—much less understood—by 
anyone, and it contained many special provisions that would benefit only 
pressure groups and lobbyists. 

Some of the points above may seem a bit radical, but even if you disagree 
with them, they’re worth thinking about and asking your candidates about. 
If you’ve been paying attention to Congress’s antics this year, you'll have 
questions of your own, too. Go ahead and ask them. There’s no better 
time to get a representative’s attention than during an election year. 
You’ve got about four weeks left. 


‘. 


Jon Titus 
Editor 
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Signal processing, when you come right down to 
it, is multiplication, addition, subtraction and stor- 
age. Doesn't sound very exciting. 

But put together a set of building blocks that do 
those simple operations with almost unimaginable 
digital speed and precision. Then add A/D con- 
verters that bring in information from the world 
around you. Plus D/A converters that restore the 
digitally processed signals to a form your senses 
can understand. 

And you've built a signal processing system that 
will enable you to do things that couldn't be done 
before, see things that couldn't be seen before and 
understand things that could never be understood 
before. 

That's exciting. And we can help make it happen. 


Complete systems solutions. 
Our approach to signal processing is simple. 
50 


<The Rosetta Stone, discovered in 1799, 

mwas the key to deciphering the hiero- 

: glyphics that had been incom- 
prehensible for centuries. 


We've taken our unparalleled experience in data 
conversion and added to it a set of signal 
processing chips that perform operations that used 
to require entire circuit boards. 

Here's a sample of what they can do for you: 

ISP 9110 12-Bit Microprogram Sequencer: expanded 
33 word stack, 50 ns minimum cycle time. 

ISP 9119 FIFO RAM Controller: uses standard 
RAMs to build FIFOs up to 64K deep, 15 MHz 
operation. 

ISP 9128 FIR Filter Controller: implements 16-bit 
filters to 128 Taps, 128 Tap sampling rate of 
100kHz. 

ISP 9210 16x16 Multiplier Accumulator: innovative 
high-speed architecture (65 ns commercial, 75 ns 
military), low-power operation. 

ISP 9216 16x16 Multiplier: low-power, industry- 
standard compatible to AM29516 and MPY016. 

ISP 9520/21 Pipeline Register: high-speed access, 
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output selectable from any register. experience in radar, sonar, medical imaging and 


With devices like these, we can give you a total other demanding DSP applications. 
integrated signal processing solution. Plus the If worries about complexity and cost have 
added benefits of single-vendor support and pack- _— deterred you from taking the exciting step into 
age pricing. digital signal processing, call us. Together, we'll 
se step into the future. 
Position yourself for the future. For more information, contact your local GE 
Signal processing is changing every day. Solid State sales office or distributor. Or call toll- 
That's why you need more than a signal proces- _ free, 800-443-7364, extension 30. 
sing supplier who has a few good parts. In Europe, call: Brussels, (02)246-21-11; Paris, (1) 39-46-57-99; London, (276) 


You needa long-term partner who has a commit- —_ 685911; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 
ment to signal processing, and the resources in BT ee ee ee 
every area that signal processing calls upon. 

For example, the chips of tomorrow will very 
likely combine signal processing, data conversion 
and high-speed logic. When you work with us, 
you'll get our Intersil expertise in processing and GE / RCA | | N TE RSI | 
conversion. Plus our RCA Advanced CMOS Logic 
capabilities. Plus the more than 20 years of GE SEMICONDUCTORS 
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The best new feature 
in an HP digitizing 
oscilloscope is a 
FREE printer! 


e HP 54100A/D—Low cost 1GHz 
bandwidth 


e HP 54110D — 1 GHz bandwidth 
plus color 
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HP 54111D — 2 Gigasamples/ 
second 
HP 54112D — 4 channels 64K 


memory each 
HP 54120T—20 GHz bandwidth 


HP 54200A/D — Affordable 200 
Megasamples/second 


HP 54201A/D — 300 MHz 
bandwidth 


HP 16500A Oscilloscope — 
8 channels 400 Megasamples/ 
second each 


From now until February 28, 1989, 
when you order a digitizing oscillo- 
scope* you'll get FREE hardcopy. 
Because HP will give you a printer! 

And not just any printer, but a high- 
performing HP PaintJet® or ThinkJet® 
printer that quickly and easily creates 
hardcopy results of on-screen data 
with just the push of a button. Say 
goodbye to mounting a camera on 
*Does not include the HP 54501 or HP 518X. 
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the scope face, developing film and 
scratching measurement results into 
the picture. The printer does it all, 
quickly and easily reproducing the 
measurements taken by the digitizing 
oscilloscope. Order an HP scope with 
a monochrome CRT and get a FREE 
HP ThinkJet printer — a $495 value. 
Order an HP scope with a color 

CRT, and get a FREE HP PaintJet 
printer — a $1395 value. 
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Call HP today: 
1-800-752-0900, ext. 215W. 


Now is definitely the time to team up 
with an HP scope. For more informa- 
tion about HP’s broad family of 
digitizing oscilloscopes, call today. 
Our FREE printer offer ends on Feb- 
ruary 28, 1989. It’s an offer so good, 
even the phone calls are FREE! 


© 1988 Hewlett-Packard Co. EI15817/EDN 
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Microprocessor 


support Made Simple 


i ow, ZAX simplifies — 
microprocessor design, 
integration and testing with their 
advanced line of ERX- and ICD- 
series emulators. You simply tell us 
the processor that drives your 
design and we tailor a development 
system especially for your environ- 


ment, including full software support. 


Our ERX-series emulators 
provide over 80 debugging 
commands, with 256,000 hardware 
breakpoints, real-time performance 
analysis, high-level language debug 
and trace analysis of program 
execution while you emulate in 
real-time. And they interface 
directly to your personal computer 
(AT-class) to provide you with a 
complete host development station 
and emulation manager. This 
consolidated approach utilizes 
industry-standard equipment and 
eliminates the use of a proprietary 
dedicated chassis. 


ZAX established the benchmark 
for standalone emulation tools 
when they introduced their versatile 
line of ICD-series emulators. 
Completely flexible, ICD-series 
emulators can be interfaced to 
either a simple terminal or host 
computer (from pc to mainframe) 
depending on your requirements. 
This makes them ideal for both 
in-house development and on-site 
lesting. 


Simplify support for your 
microprocessor development 
projects with the help of ZAX! Call 
today to arrange a product demon- 
stration or write for complete details 
about our product line. Call us 
TOLL FREE at 800-421-0982 
(in California phone 800-233-9817) 
or write to ZAX CORPORATION, 
2972 White Road, Irvine, CA 92714. 


In Europe, call United Kingdom: 
0628 476 741, West Germany: 
02162-3798-0, France: (03) 956- 
8142, Italy: (02) 688-2141. 


Zax Corporation 
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TECHNOLOGY UPDATE 


Laser diodes prove useful in 
medium-haul, low-bandwidth applications 


Tom Ormond, Senior Editor 


To many systems designers, laser 
diodes are viable optical sources 
only for long-haul applications in- 
volving bandwidths close to the gi- 
gahertz range. Laser diodes are still 
the only feasible source for such op- 
tical links, but they can also be ef- 
fectively used as optical sources in 
a variety of medium-haul, low- 
bandwidth, cost-conscious applica- 
tions. These applications include 
such areas as fiber-to-home sys- 
tems, cable TV, local-area networks 
(LANs), bar-code scanners, and op- 
tical disks. 

Each of these areas places differ- 
ent demands on a laser. In some 
cases, the operating requirements 
are not demanding and almost any 
laser will suffice. In others, the la- 
ser must meet stringent system re- 
quirements. Although some manu- 
facturers have gone after all these 
application areas, others have con- 
centrated their product offerings on 
one application. 


Bringing fiber to the home 

Future telecommunication sys- 
tems will most likely send a variety 
of information—telephone, com- 
puter data, and cable television— 
from a central office downstream to 
the home. Because the upstream 
signals (those from the home to the 
central office) will carry less infor- 
mation than the downstream sig- 
nals, the bandwidth capacity of 
short-wavelength lasers will be 
more than adequate. 

To break into this application 
area, however, a manufacturer 
must offer a laser that is both inex- 
pensive ($50 max) and highly reli- 
able (lifetime of millions of hours). 
The laser must have a wide operat- 
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Aimed at the optical disk marketplace, the blue-light laser from Matsushita lases in the 
390- to 420-nm wavelength range. Compared to the 780-nm lasers currently used with optical 
disks, the devices quadruple disk memory capacity. 


ing range, because it will be operat- 
ing in an outdoor environment, and 
an output that is easily focused into 
a single-mode fiber. On the other 
hand, the output-power and speed 
requirements will be quite lax and 
well within the reach of almost any 
laser. 

Aimed at fiber-to-home applica- 
tions, Mitsubishi’S FU-01LSD-N la- 
ser meets these requirements. The 
device is available in versions that 
lase at 780 and 870 nm. At 25°C, 
those versions have lifetimes of 14 
and 20 million hours, respectively. 
The lasers are housed in hermeti- 
cally sealed packages that feature 
connectors compatible with single- 
mode fibers—the standard in long- 
wavelength systems. 

The modules contain an AlGaAs 
laser diode and a photodiode that 
serves as an optical-output monitor. 
They have a low 30-mA typ thresh- 
old current and an output of 2.5 mW 
max from the connector port into a 
10-~m core fiber. Rise and fall times 
are 0.5 nsec, and the operating 
range spans —20 to +50°C. The 
units are designed to operate in con- 


junction with the FU-03PD-N, a 
short-wavelength silicon PIN pho- 
todiode. Pricing is $342 (10) per pair 
for the 780-nm device and $472 per 
pair for the 870-nm unit. 


Cable TV requires FM 

Current approaches to cable TV 
focus on both AM and FM. FM 
makes few technical demands, and 
almost any long-wavelength laser 
can handle it. But TV sets don’t 
work with FM signals—they accept 
AM signals. To use FM approaches, 
you need a converter at each TV 
set to transform the FM transmis- 
sions to AM signals. This solution 
is thus not viable—the only option 
is to work directly with AM signals. 

Working with AM signals places 
stringent requirements on the la- 
ser, and cable-TV requirements 
mandate the use of a long-wave- 
length laser that has an output 
power in the milliwatt range. The 
LDM 13801 laser module from 
Tektronix fits the bill. 

Available in 14-pin DIPs, the 
LDM 1301 modules contain a buried 
heterostructure-type laser, a photo- 
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The Casio fx-7000G $89.95. It’s the 
world’s first programmable scientific 
calculator with a graphic display. It can 
give form to your figures, instantly draw- 
ing graphs that depict your formulas 
and calculations. 

With a screen 
measuring 16 charac- 
ters by 8 lines, the 
fx-7000G can display 
enough information 
for some of your big- 
gest ideas. And you 
can store graphs and 
formulas, then bring 
them back for an 
instant replay. 
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With its 422 step memory and 193 
functions—including linear regression, 
standard deviation and computer 
math—the fx-7000G lets you perform 

computer functions, without acquiring 
computer knowledge or incurring 
computer costs. 

For additional capa- 
bilities, there's the 
fx-7500G ($109.95). It 
has a larger memory 
Capacity, with 195 

functions, 4,006 mem- 
ory steps, instant graph 
enlargement or reduction 
feature, plus a convenient 
horizontal folding format. 


If you need even more power, 
our fx-8000G ($119.95) techs you 
even higher, with 1,446 memory 
steps and 225 functions. And when 
hooked up with our optional FA-80 
interface, it works with most parallel 
dot matrix printers or plotters in- 
cluding Casio's own models. 

If you have any doubts as to 
whos the leader in high-tech calcu- 
lators, just pick up an fx-7000G, 
fx-7500G or fx-8000G and draw 
your own conclusions. 


CASIO. 


Where miracles never cease 


Casio, Inc. Consumer Products Division: 570 Mt. Pleasant Avenue, Dover, NJ 07801 
Casio Canada Ltd., 2100 Ellesmere Road, Suite 240, Scarborough, Ontario M1H3B7 
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diode to monitor back-facet emis- 
sion, a thermoelectric cooler (TEC), 
and a calibrated thermistor that al- 
lows designers to precisely control 
TEC operation. The typical lasing 
wavelength is 1300 nm; the typical 
threshold current measures 25 mA. 
The modules feature a minimum 
output power of 1 mW (2 mW max) 
and an output spectral width of 3 
nm typ. The operating range is — 40 
to + 70°C. 

LDM 1301 modules costs $1395 
and normally come with a single- 
mode fiber pigtail; connectors are 
available as an option. All devices 
go through a 250-hour, 70°C ambi- 
ent burn-in test at a 100-mA for- 
ward current level. 


Costs are critical with LANs 
Laser costs must go down dra- 
matically to make any penetration 
into LAN applications. However, 
because LANs are generally used 
indoors, operating temperature re- 
quirements are much less demand- 
ing than those for fiber-to-home ap- 
plications. LANs will probably use 
multimode fiber rather than single- 
mode fiber, and this difference 
should help lower laser costs. 
BT&D’s LSC2300 laser diodes 
are well suited to the LAN operat- 
ing environment. Available in both 


Suitable for both analog and digital applications, the LDM 1300 and 1 301 laser modules 


from Tektronix lase at 1300 nm. Housed in the packages are the laser diode, a thermoelectric 


cooler, a monitor diode, and a thermister. 


DIP and butterfly housings, the 
units contain a photodiode that 
monitors the laser output and a 
thermistor that monitors laser tem- 
perature. But, because the unit 
lacks a thermoelectric cooler, over- 
all power dissipation is low. 

The LSC2300 lases at outputs of 
1280 to 1820 nm and operates over 
a —20 to +65°C range. Its costs 
$390 (1000). The typical threshold 
current is 20 mA, and the typical 
output spectral width measures 3 
nm. The output power is 200 pW 
(—7 dBm), and modulation capabil- 
ity ranges to 1G bps. Maximum rise 


and fall times are 0.5 nsec, and the 
lifetime is 455,000 hours at 25°C. 
The 14-pin DIP housing incorpo- 
rates a heat-sink mounting flange. 

Toshiba also offers laser diodes 
that are well suited for LAN appli- 
cations. The TOLD 321/323 compact 
modules (5.6-mm diameter base) in- 
corporate a Fabry-Perot laser diode 
with a photodiode that monitors la- 
ser emissions. They lase at a nomi- 
nal 1310-nm wavelength, feature a 
single-mode fiber pigtail, and are 
available in package styles that fea- 
ture a flange to facilitate heat-sink 
attachment. 
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Laser technology meets microelectronics on a chip 


A monolithic optoelectronic transmitter capable of 
operating at speeds exceeding 2G bps has been proc- 
essed by scientists at BNR, the research and devel- 
opment subsidiary of Northern Telecom. The single 
microchip merges laser technology with microelec- 
tronics and features two light-reflecting mirrors pro- 
duced entirely by semiconductor processing. 

The laser diode is the key component in the ex- 
perimental transmitter. It is controlled by an array 
of on-chip transistors that receive external elec- 
tronic digital signals. Combining two dissimilar 
physical structures—transistors and laser diodes— 
on a single chip was a major challenge for the devel- 
opment team and required the use of advanced fabri- 
cation techniques. 

The chip’s MESFETs are fabricated in GaAs. The 
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laser diodes, made of multiple layers of GaAs and 
GaAlAs, are made using a technique known as mo- 
lecular-beam epitaxy, or MBE. MBE can control 
the layer growth to within 0.5 nm—comparable to 
the distance between atoms in the semiconductor 
material. For example, this technique allows the 
building in layers of the light-emitting section of the 
laser to a thickness of only 20 atoms. 

Air-bridge technology, a technique adapted spe- 
cifically for this chip, couples the transistors and | 
diodes together using special metal interconnects 
that measure only 2 wm wide. The air bridges, sup- 
ported above the GaAs chip by posts, minimize drag 
on signal-carrying electrons and allow them to move 
faster than they would through conductors deposited 
directly on the chip’s surface. 
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The modules’ typical threshold 
current is 20 mA; the typical output 
power measures 100 pW at 25°C 
with a maximum temperature coef- 
ficient of 0.5 nm/°C. The maximum 
spectral width is 6 nm (8 nm typ), 
and the rise and fall time is 1 nsec 
max. The operating range spans 
—10 to +65°C. In sample quanti- 
ties, the TOLD 321 costs $841. 


Output wavelength is key 

Output wavelength, rather than 
cost, is the main concern in the bar- 
code-scanner industry. The indus- 
try relies heavily on HeNe lasers 
that generate red light. All the inks 
specified for the bar-code labels are 
highly sensitive to this wavelength 
(approximately 670 nm). Changing 
the label’s makeup would be fairly 
simple, but there’s an old saying— 
“If it ain’t broke, don’t fix it.” To 
have any impact in bar-code-sean- 
ner applications, a laser diode must 
lase at the HeNe wavelength. 

The output wavelength of a laser 
diode is also the main concern in 
optical-disk applications. Storage 
capacity is a direct function of spot 


Well-suited for LAN applications, the TOLD 321/323 compact modules (5.6-mm diameter 
base) from Toshiba incorporate a Fabry-Perot laser diode with a photodiode that monitors 
laser emissions and feature a single-mode fiber pigtail. They lase at a nominal 1310-nm 
wavelength and are available in package styles that feature a flange for making heat-sink 


attachment easier. 


size, which, in turn, is a direct func- 
tion of the laser’s operating wave- 
length. The lower the operating 
wavelength, the smaller the spot 
size and the larger the disk’s stor- 


For more information... 


For more information on the laser diodes described in this article, contact the 
following manufacturers directly, circle the appropriate numbers on the Infor- 
mation Retrieval Service card, or use EDN’s Express Request service. 


AT&T Microelectronics 
555 Union Blvd 
Allentown, PA 18103 
(800) 372-2447 

Circle No 700 


BNR 
35 Davis Dr 
Research Triangle Park, NC 27709 


(919) 991-7109 
Circle No 701 


BT&D Technologies 
Delaware Corporate Center II 
2 Righter Parkway, Suite 200 
Wilmington, DE 19803 

(302) 479-0300 

Circle No 702 


Matsushita Electric Corp of America 
1 Panasonic Way 

Secaucus, NJ 07094 

(201) 348-7320 

FAX 201-348-7579 

Circle No 703 
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Mitsubishi Electronics America Inc 
1050 E Arques Ave 

Sunnyvale, CA 94086 

(408) 730-5900 

TLX 172296 

Circle No 704 


Tektronix Inc 

Hybrid Components Operation 
Beaverton, OR 97077 

(503) 627-4220 

Circle No 705 


Toshiba America Inc 
1101-A Lake Cook Rd 
Deerfield, IL 60015 
(812) 945-1500 

FAX 312-945-1044 
Circle No 706 


age capacity. 

Laser diodes currently used in 
optical-disk applications have out- 
put wavelengths of 780 or 820 nm. 
For a 780-nm wavelength, the spot 


The DFB type lasers from Mitsubishi are 
very suitable for noise-sensitive applica- 
tions, including multichannel cable-TV 
distribution. 
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SIEMENS 


Smart Users Choose the Superior Alternative 
to High Priced HDSP 2000 Displays. 


Siemens small alphanumeric Your choice of plastic or hermetic 
displays...a brighter choice ceramic packages 

Now commercial, industrial and military Whatever your design requirements, 
design engineers and buyers can there’s a Siemens small alphanumeric 
select 5x7 dot matrix alohanumeric display for you: 

displays with the best package options =™ 15” and .20” character heights; red, 
available. Siemens gives you advan- High Efficiency Red, green and yel- 
tages never offered before. low. Sunlight versions available too. 
Now, get the most...from CMOS m Commercial plastic package, 

Say goodbye to Bipolar displays. With — 40°C to + 85°C 

Siemens, you get all the benefits of m Industrial hermetic ceramic package, 
CMOS technology—25 times less —55°Cto + 100°C 

quiescent current, typical power sav- m Military hermetic ceramic package, 


ings of 30%, and cooler operation. — 55°C to + 125°C, Mil-D-87157 


Finally, specify alphanumeric 
displays without paying the price 
Best of all, you get all these advantages 
in a display that saves you money, too— 
up to 50% compared to competitive 
non-hermetic ceramic devices—with 
improved operating temperature range. 
So why consider older, higher-priced 
technology? Make a visible improve- 
ment in your image today. Specify 
Siemens alphanumeric displays. 


For more information, call 

(408) 257-7910. Or write: Siemens 

Components, Inc., Optoelectronics 
Division, 19000 Homestead Road, 

Cupertino, CA 95014 


National Distributors: Hall-Mark and Marshall 
Regional Distributors: Advent Electronics, Inc., 
Ailmo Electronics, Insight Electronics, Quality 
Components, Summit, Western Microtechnology. 


Siemens... 
your partner for the future. 


CGGI2000-452 WLM745 ©1988 Siemens Components, tnc. 
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Mm Circle No. 75 in Europe 


(ADVERTISEMENT) 


More quality switching 
components from P:.B 


Circuit Breakers 


P&B circuit breakers provide the 
quality you need at a price you can 
afford. Both thermal and magnetic 
types are available, and many are 
UL recognized as supplementary 
protectors and CSA certified as 
appliance component protectors. 
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General Purpose Relays 


One of the broadest lines of 
general purpose relays in the 
industry is offered by P&B. Open 
and enclosed styles are available 
with various contact materials, 
contact arrangements, termination 
styles and coil voltages. 
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Time Delay Relays 


P&B time delay relays combine 
precision, solid state timing circuits 
with our proven electromechanical 
relays. A wide selection of timing 
functions, timing ranges, degrees 
of precision and package styles 
permits you to select a unit with 
just the features you need. 
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size measures 12 cm in diameter. 
Matsushita has introduced a blue- 


laser module that combines an opti-. 


cal-waveguide-type second-har- 
monic-generation (SHG) element 
with a laser-diode chip. This module 
has a 390- to 420-nm output wave- 
length. At 420-nm wavelengths, the 
optical spot size equals 6 cm—by 
cutting the spot size by 50%, the 


Matsushita device quadruples mem- , 


ory storage capacity. 

The module actually uses an in- 
frared-type (840-nm output) laser. 
The SHG element emits light at half 
the laser’s wavelength to produce 
the final 420-nm module output. 
Conventional bulk SHG elements 
have a conversion efficiency (the ra- 
tio of optical harmonic wave to fun- 
damental wave) of approximately 
0.01%. Matsushita’s manufacturing 
process yields SHG elements with 
a conversion efficiency of 1% to 2%. 
Sample modules will be available 
for approximately $11,000. 

Another product designed for 
telecommunications is the AT&T 
215-Type laser module. The mod- 
ules are internally cooled InGaAsP 
single-mode injection lasers de- 
signed for 1.3-m wavelength appli- 
cations. They offer data-rate capa- 
bilities of 417M to 1700M bps with 
typical launched power ranging to 
4 dBm (2.5 mW). 

The modules are housed in a 12- 
pin, hermetic ceramic SIP equipped 
with a type 5D, 8-p core single- 
mode fiber pigtail that’s terminated 
with an AT&T 2016A biconic con- 
nector. A separate input for high- 
bit-rate modulation signals is spe- 
cially designed to have a nominal 
252. impedance. 

An integral TEC provides stable 
thermal characteristics. Working in 
combination with external control 
circuitry, the TEC can maintain la- 
ser temperature at 25°C, offsetting 
case temperatures reaching as high 
as 65°C or as low as — 40°C. Laser 
temperature is monitored internally 
for feedback and control purposes. 
The 215-Type lasers are designed 
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Designed for 1.3-~m wavelength telecom- 
munications applications, the AT&T 215 
Type laser modules offer data-rate capabili- 
ties from 417M to 1700M bps with typical 
launched power ranging to 4 dBm (2.5 mW). 
They are housed in a 12-pin, hermetic ce- 
ramic SIP with a separate input for high-bit- 
rate modulation signals. 


to be used with a heat sink attached 
to the base of the module. 

An internal InGaAsP PIN photo- 
diode, mounted directly behind the 
laser diode, functions as a power 
monitor. The photodiode monitors 
emissions from the rear facet of the 
laser; combined with external cir- 
cuitry, the diode maintains a con- 
stant level of laser output power 
into the fiber pigtail. All devices go 
through a 100% burn-in test. Laser 
prices start at $1300 (OEM qty). 


Article Interest Quotient 
(Circle One) 
High 518 Medium 519 Low 520 
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New Models Expand Offering - 


For applications from consumer goods ~~ 
to industrial controls, P&B relays have the 
features you need for general purpose at 
power switching on your printed circuit board. 
New series greatly expand our already broad line 
of PC. board relays. Many models are available 
from stock, and they’ all built to the same exacting 
standards that have made our T90 series the 
industry-standard 30A, P.C. board relay. 


New Miniature Relays Switch 1mA to 10A Find Out More 


Our new 173 and T74 series miniature P.C. board Contact us today for free information 

relays join the T70 series as inexpensive SPDT units on the complete line of P&B P.C. board 

for general purpose applications. A variety of contact relays, including more new models for 
materials allow units in these series of sealed relays switching 2A and less. Potter & Brumfield, A 
to switch loads from 1 mA through 10A. Siemens Company, 200 S. Richland Creek 
Expanded Line of 4,000V Isolation Relays Eee een Ulan S811 OO 
Extensions to our line of RK series relays feature Call toll-free 1-800-255-2550 for the P&B 
8mm coil-to-contact spacing for 4,000V isolation. authorized distributor, sales representative 
SPDT models switch loads to 20A, and DPDT or regional sales office serving your area. 


models switch up to 5A. Both sealed and unsealed 
types are offered. 


T90 & T91 — Our 30A Workhorses 


Relays in our T90/T91 series have SPDT contacts for 
loads to 30A. T90 is available as a sealed or open- 
style relay. T91 has quick connect terminals for load 
connections and is offered with either a sealed or 
unsealed enclosure. High temperature units are 
available. : 


Potter & Brumfield A Siemens Company 
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Introducing our AD840 yess 


amps —and the start of a revolution. Because now you not only led to suc 

can go to just one vendor and get more high speed op amp a performance leader. 

amps with higher precision and lower power than from For example, several of the products in the AD840 

anywhere else. Series offer gain-bandwidths greater than 400MHz, while 
The AD840 Series, which includes high accuracy, others offer slew rates up to 2,000V/us. And all AD840 

low noise, low cost, FET-input and current-feedback products offer precision at high speeds, with unprece- 

amps, Is the result ofa major breakthrough we’ve made dented settling time performance as fast as 100ns to 0.01% 
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~ -100ns 
100.01% 


power. In fact, each AD840 product consumes 25-00% 
less power than comparable amps, without sacrificing 
load drive current. Plus all parts operate with + 15Vor 
+ 5V supplies. 

The high performance doesn’t come at a high cost, 
either. You'll find that whether you use the AD840 Series 


i pring ane dard of performance to 
your designs, or as replacements for industry stan- 
dards, they’re all competitively priced. 
If you’d like more information on why the AD840 


Series makes us the new revo- 
lutionary leader in high speed AN ALOG 
DEVICES 


op amps, call your nearest 
Analog Devices sales office. 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA (2062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037; 
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504; 
Belgium: (3) 237 1672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826; 
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050 
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50% Faster than the Industry Standard 


~ CMOS Flash ADCs From DT 


Exceed Bipolar Performance 


ae 


< Ce 
— 


The IDT 75C48 and 75C58 8-bit 
Flash A/D Converters, manufac- 


tured using IDT’s CEMOS™ process, 


are pin and function compatible 
with the industry standard yet pro- 
vide higher speeds, lower operat- 
ing temperatures, and greater 
reliability. 

50% Faster. Uses Half the Power 
of Bipolar. The IDT 75C48 and 75C58 
run at a record breaking 30 MHz. 
The small signal input bandwidth 
exceeds 100 MHz. And with a 50% 
power savings over bipolar, your 
system runs cooler and more 
reliably. 


Higher Reliability. The IDT 75C48 
and 75C58 use IDT’s on-chip Error 
Detection and Correction circuitry 
(patent applied for) to ensure that 
your data is not corrupted. No more 
missing codes over all temperature 
and voltage extremes. 


Full-Speed Performance. The 
IDT 75C48 and 75C58 signal to 
noise ratio (SNR) at 30 MSPS 
clock rate and 10 MHz analog input 
frequency is greater than 40dB over 
the full temperature range and 
power supply extremes. That’s more 
than a /2LSB accuracy improve- 
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Call For More Information 

If you have questions concerning 
price and availability, or need tech- 
nical information call our Marketing 
Hotline at (408) 492-8229. 


If you need literature, call (408) 
492-8225 and we’ll send you 
a FREE copy of the IDT 


ment over the bipolar industry 
standard. By testing SNR specs 
during production we can guaran- 
tee the performance of the final 
product. And that allows you the 
additional freedom to optimize your 
system by operating closer to the 
spec limits. 


Even Easier System Data Book. It contains 
Integration with the complete information on 
IDT 75C58 our other CMOS lines 


including SRAMs e 
FIFOs e Dual-Ports e 
ultra-fast RISC Proces- 

sors © Bit-Slice 
Microprocessors « DSP 
Building Blocks e BICMOS ECL- 
Compatible RAMs e CMOS TTL 
Logic ¢ Modules © and much more. 


In addition to the features 
found on the IDT 75C48, the 
IDT 75C58 offers extra en- 
hancements designed to . 
ease system integration. 


L] Overflow indication ensures that 
the input signal is within range. 

L] Three-state outputs ease the use 
of multiple Flash ADCs ina 
system. yaaa’ 

L] Power-down mode for 
ultra-low power 


When cost-effective performance counts 


Integrated 


applications. Dev ice lechnology 
Expanded Package Options 3936 Scott Blvd. 

Packages include 28-pin plastic and PO. Box 58015 
hermetic DIPs, LCCs, and SOICs. Santa Clara, CA 95052-8015 
MIL-STD-883C versions are also Tel. (408) 727-6116 
available. FAX (408) 988-3029 
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Color-palette chips bundle extra features 
with RAM look-up table and DACs 


Margery S Conner, 
Regional Editor 


Today’s color palettes feature faster 
D/A converters (DACs), larger 
look-up tables, and a handful of spe- 
cial features such as overlay regis- 
ters and selectable DAC resolution. 
These enhancements can help your 
graphics-display design satisfy the 
end user’s ever-growing appetite 
for higher resolution and more 
colors. 


Color-palette basics 

A color palette basically com- 
prises a RAM look-up table and one 
or three DACs (Fig 1). Although 
color palettes with 4-bit DACs are 
available, they have largely been 
superseded by 6- and 8-bit DACs 


PIXEL DATA 
(FROM FRAME BUFFER) 


REGISTER SELECT 


OVERLAY SELECT 
(OPTIONAL) 


in current designs. The palette 
takes the contents of each pixel 
from the frame buffer and converts 
the digital representation of the 
pixel’s color into an analog signal 
that drives the display (Fig 2). 

The maximum speed at which the 
palette can take pixels from the 
frame buffer and convert them to 
an analog video signal is the clock 
rate. You can calculate the palette 
clock rate for your display by multi- 
plying the total number of pixels 
on the screen (the x resolution 
times the y resolution) by the 60-Hz 
refresh rate, and then adding about 
30% for the horizontal and vertical 
refresh time (Fig 3). 

A pixel’s color is determined by 
the bits stored at the pixel’s address 
in the frame buffer. The pixel’s con- 


BUS 
(TO GRAPHICS PROCESSOR) 


tents don’t drive the DACs di- 
rectly—they are pointers to colors 
in the RAM look-up table. The 
width of the look-up table in a tri- 
ple-DAC palette is three times the 
DAC’s resolution; the first third of 
the look-up table entry controls the 
red DAC, the second third controls 
the blue DAC, and the third third 
controls the green DAC. The num- 
ber of bits in register controls the 
total palette size. 

For example, the IBM PS/2 VGA 
uses an Inmos IMS-G171, a triple 
6-bit DAC color palette, which re- 
sults in an 18-bit wide look-up table, 
allowing a total palette size of 
262,144 colors. In its 640 x 480 
mode, the VGA has 4 bits/pixel, 
which limits the display to 16 colors 
that can be displayed at once. In 


COMPARATOR 


Fig 1—A color palette basically comprises a RAM look-up table and one or three high-speed video DACs. The graphics processor reads 
colors in the palette and writes new colors to it over the data bus. Palettes may also incorporate overlay registers to create overlay planes 


of graphical entities such as icons and cursors. 
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programmable 
logic up to speed. 


©1988, Altera Corporation. 
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the VGA’s 320 x 480 mode, the color 
resolution is 8 bits deep, so 256 col- 
ors of the 256,000 available can be 
displayed simultaneously. 

Hight bits per pixel gives a mark- 
edly better picture than four bits 
per pixel, but your eye can still see 
a difference. It’s not until you have 
24 bits per pixel that you achieve 
true color. However, you can cause 
more than 256 colors to display on 
the screen at once by changing the 
colors associated with each address 
in the look-up table. You can change 
the colors as often as once every 
sean line. This technique is called 
“pseudocolor.” 

Changing the look-up-table col- 
ors, although it’s not complex, is a 
multistep process. You must first 
specify the starting pixel address 
while the palette is in write mode 
(RSO+RS1=WR=0). The palette 
stores this address in the pixel- 
address register. Then you set 
RSO=1 and write the three sepa- 
rate data words of the red, blue, 
and green color-definition data. The 
palette collects these three 6-bit 
values together in the color-value 
register and concatenates them into 
an 18-bit word. The palette trans- 
fers this value to the address speci- 
fied in the pixel-address register. 
After the transfer, the pixel-ad- 


Fig 3—Plotted above is the color-palette DAC bandwidth required for common display 
resolutions. The bandwidth calculations shown assume that the refresh rate is 60 Hz and 


PIXEL DATA 


Fig 2—In a simple graphics display, the bit pattern stored in a pixel address in the frame 
buffer (the video portion of the graphic processor's memory) serves as a pointer to the color 
palette’s look-up table. High-speed video DACs on the palette convert the digital data to 


analog signals, which drive the monitor. 


dress register autoincrements, 
changing consecutive pixel ad- 
dresses without the graphics proc- 
essor’s specifying each address. 

The third option is the fastest 
method of the three: You can use 
the pixel mask to change selected 
bits of the pixel-address value ap- 
plied to the pixel-address inputs 
(Po.7), thereby changing the color 
of a particular pixel without chang- 
ing either the frame buffer or the 
look-up table. A one in a bit position 
leaves the corresponding bit in the 
pixel address unchanged, while a 
zero sets that bit to zero. 

In sum, there are three ways to 


that the horizontal and vertical retrace take 30% of each frame time. 
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change the color of a pixel: You can 
change the pixel’s value in the 
frame buffer, change the contents 
of the look-up table, or mask the 
pixel address. 

If you want your graphics-display 
design to be compatible with IBM’s 
relatively low-resolution (640 x 480 
pixels) VGA standard, you should 
be aware of the tradeoffs of using 
standard and nonstandard palettes. 
If you’re designing a relatively 
high-resolution display, say, 
greater than 1kx 1k pixels, you'll 
probably be most interested in a 
palette with such enhancements as 
extra speed and overlays. 

If your graphics-display design 
absolutely must be VGA compat- 
ible, you can choose one of two color 
palettes: the Inmos IMS-G171/176/ 
178 (the 171 is the color palette in 
IBM’s PS/2) or the Brooktree 
Bt471/478 (or the ADV471/478 from 
Brooktree’s licensed alternate 
source, Analog Devices.) Table 1 
lists these and other color palettes. 

The Inmos part has many imita- 
tors, but no company is licensed to 
clone it, so none of the imitations 
are guaranteed to be exactly the 
same as the original. National, 
Triad, and VLSI Design Associates 
make pin-compatible parts aimed at 
the lucrative VGA-clone market. 

In addition to its triple 6-bit 
DACs, the IMS-G171 has a 256 x 18- 
bit RAM look-up table, and it oper- 
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ates at 50 MHz. Don’t slavishly 
choose the 171 for your VGA-com- 
patible design just because IBM se- 
lected it, however. The part has a 
major problem: It requires that you 
access the look-up table only during 
the retrace cycle—otherwise, snow 
may appear on the CRT. IBM’s so- 
lution to this problem was merely 
to pass it on to the application pro- 


grammer—IBWM’s technical litera- 
ture warns the programmer not to 
access the look-up table at any time 
other than during the retrace cycle. 
In its IMS-G176, Inmos solved 
the 171’s problem of restricted ac- 
cess to the look-up table—the 176 
as no such constraint. The com- 
any also produces the 176 in a 32- 
in PLCC, which offers a consider- 


able space savings over the 171’s 
28-pin DIP package. 

Dean Hayes, the engineering 
manager at Video-7 (Fremont, CA) 
who was responsible for the design 
of his company’s VGA board, 
walked a fine line. On one hand, 
Hayes was required to make the 
board 100% hardware compatible 
with IBM’s standard, a requirement 


TABLE1—6- AND 8-BIT COLOR PALETTES 


MANUFACTURER/ DAC 


ORGANIZATION 


~ ANALOG DEVICES 
~ ADVAT7I 
"ADV478 


TRIPLE 8-BIT 


~ HONEYWELL INC 
HDAMS51100 
HDAM51200 


SINGLE 8-BIT 
SINGLE 8-BIT 


~ NATIONAL SEMI- 
‘CONDUCTOR INC 
_ DAC 0630 TRIPLE 6-BIT 


DAC 0631 ‘TRIPLE 6-BIT 


VLSI DESIGN 
ASSOC INC 
V3676 


TRIPLE 6-BIT 


* PRICES ARE IN QUANTITIES OF 100 
EXCEPT WHERE MARKED OTHERWISE. 


SPEED 
(MHz) 


TRIPLE 6-BIT | 35,50,80 | 256x18 
35, 50, 80 eee 15x24 


35, 50, 65 


OVERLAY 


RAM SIZE SIZE PACKAGE 


44-PIN PLCC 


28-PIN DIP OR 
32-PIN PLCC 


28-PIN DIP OR 
32-PIN PLCC 


256 x18 NONE _ 28-PIN DIP 


PRICES, LEFT TO RIGHT, CORRESPOND WITH SPEED 
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44-PINPLCC | $41, $51, $89 


PRICE* COMMENTS 


THE AD471/478 IS A LI- 
CENSED ALTERNATE 
SOURCE OF THE Bt471/478 


$10 AND UP 


(1000) 
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4SZ-8106R1 
SPR A . : | K ADDS Capacitors for high-voltage, high-temperature, and 
high-frequency applications are new additions to the Sprague 
; | line of surface-mount MONOLY THIC® multilayer 
S : | REACE -Vi N ceramic chips. Whether your surface-mount , 


requirements are driven by application or cost, 


3) 
MONOL y THIC you'll find what you need at Sprague. For example, Type 11C 
general-purpose ceramic chip capacitors are available in ETA 
temperature characteristics COG, X7R and Z5U, with 
( : KR AMI i APS capacitance values from 10pF to 1.8uF and voltage ratings 
© of 50, 100, and 200 VDC. Type 12C high-voltage chips are 


available in characteristics COG and X7R and voltage ratings from 500 to 2500 VDC. Type 14C chips for high-temperature 
applications offer characteristics X8S (—55°C to + 150°C) and X9T (—55°C to +200°C). Type 15C high-frequency caps 
have standard ratings from IOpF to ISOOpF, 50 to 200 VDC. EIA characteristic is COG. Type I8C low-profile chips are ideal 
for IC decoupling applications. Standard tape and reel packaging are available. For more information, 

write for ‘““Monolythic® Ceramic Capacitors” Brochure WF-100A, to Technical Literature Service, a cen tei te es 
Sprague Electric Company, P.O. Box 9102, Mansfield, MA 02048-9102. 8 LA ot El 
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that would seem to mandate the use 
of the 171. On the other hand, he 
didn’t want snow on the display’s 
CRT. He was reluctant to select the 
Brooktree Bt471/478 or the Analog 
Devices ADV471/478, however, be- 
cause, although they’re functionally 
compatible with the Inmos parts, 
the 471 and 478, with their ad- 
vanced capabilities, require differ- 
ent pinouts. 

Hayes chose to design the board 
with the 176. Because Inmos manu- 
factured both the 176 and 171, he 
could be sure that Video-7’s board 
would be compatible with IBM’s 
VGA. The Brooktree parts could of- 
fer enhanced capability, but com- 
patibility with IBM’s VGA was 
Video-7’s primary concern. Says 
Hayes: “Even if the IBM VGA had 
bugs [other than the snow], I 
wanted to have the exact same 
bugs.” 

The size of the parts also affected 
Hayes’s decision. Both Analog De- 


= 


many as 15 colors. 
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e | Picea 
LATCH PIXEL-READ MASK 


a REGISTER i 


15 x 8-BIT OVERLAY 


ie 256 x 8-BIT RAM 


256 x 8-BIT RAM 


15 x 8-BIT OVERLAY 


ee 256 x 8-BIT RAM 
15x 8-BIT OVERLAY 


RD WR RSO RS1 RS2 


Each DAC in this color palette has its own 256 X 8-bit RAM look-up table. The palette (the 
Bth73) can accommodate three 8-bit-wide pixel inputs, and it supports 24-bit true-color 


graphics. 


vices’ and Brooktree’s parts are 
larger than the Inmos part. The 
Bt471/478’s package, a 44-pin 
PLCC, was a drawback on an al- 
ready crowded board—it requires 


Video 


*«< 
*. 
~ 
S4 


The 6-bit ADV471 and the 8-bit ADV478 from Analog Devices feature internal RAM, which 
permits a 256-color palette. They also have separate RAM, which allows an overlay of as 


almost 1/2 in2. By contrast, the IMS- 
G171/176 fits into either a 28-pin 
DIP or a 32-pin PLCC; the 32-pin 
package requires only about 1/4 in2. 

Because it incorporates the 171, 
IBM’s VGA is limited to 6 bits of 
color per pixel. The Bt471/478 was 
the first palette to offer software- 
selectable 6- or 8-bit resolution. In- 
mos picked up this feature and in- 
corporated it in the IMS-G178 pal- 
ette. The part, which maintains 
compatibility with the 171 and 176, 
will sell for about 35 to 40% more 
than the IMS-G176. 

If it’s vital that your design ex- 
actly duplicate IBM’s standard, you 
may be better off going with the 
IMS-G176 or one of its clones. How- 
ever, if you want to offer a board 
that features VGA compatibility, 
yet goes considerably beyond the 
VGA in performance, you should 
consider using the palettes from 
Brooktree and Analog Devices. It’s 
easy to forget that many end users 
of graphic displays are not con- 
strained to use EGA/VGA standard 
parts. 

The look-up table in the Bt471/ 
478 has separate registers for gen- 
erating overlays. The Brooktree 
parts have overlay-selection lines, 
driven by the system processor’s 
address lines, that specify whether 
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the color information for a pixel will 
come from the palette or the over- 
lay register. (It’s these extra pins, 
which address the overlay regis- 
ters, that add to the pin count on 
the Bt471/478 and increase the chip 
size over that of the Inmos part.) 

Overlays allow the system soft- 
ware to control the system graphics 
elements independently from the 
application-software graphics. Sys- 
tem software displays basic, rela- 
tively unchanging graphic elements 
such as cursors, screen frames, and 
system messages; application soft- 
ware manipulates a variety of 
changing graphical information. 

By overlaying one or more sepa- 
rate graphics planes that display 
system information, you can avoid 
the time-consuming job of modify- 
ing the image in the frame buffer. 
In addition, you won’t need to 
worry about collisions between the 
system cursor and the application 
image. 

Another key feature of the Bt471/ 
478 is that the DAC can derive its 
reference point from either voltage 
or current. A voltage-set reference 
requires fewer parts and is more 
stable than a current-set reference. 
The IMS-G171, -176, and -178 are 
current-set only. 

To design displays with resolu- 
tions greater than that of the VGA, 
you'll need to use a palette with a 
clock speed well in excess of 100 
MHz. The Bt459 has a maximum 
speed of 135 MHz, which puts it 
near the top of the speed range for 
triple DAC palettes. 

Testability is a key consideration 
for any design, but testing color pal- 
ettes can be doubly painful because 
of their combination of digital and 
analog circuitry. Brooktree eases 
this test chore for designers who 
use the 459 by including two types 
of on-chip diagnostics. The chip can 
perform the diagnostics on itself as 
well as help isolate problems in the 
surrounding board circuitry. 

The part helps diagnose digital 
problems by running a checksum on 
a frame of data. (A frame of data 


74 


frw key /Ctri-Break to stop/E 


2624 


This photo shows the difference between 6-bit and 8-bit RAMDAC resolution. A RAMDAC 
with 6-bit resolution over 25% of the brightness range (from 1/4 to 1/2 bright) produced the 
left. side of the photo. On the right is the smooth shading produced by an 8-bit RAMDAC 
over the same range. (Photo courtesy Brooktree Corp) 


is the contents of the pixels that 
are displayed between vertical 
blanking signals.) The chip catches 
every fourth or fifth pixel (depend- 
ing on the setting of the input multi- 
plexer) just prior to the DAC, calcu- 
lates the checksum, and makes the 
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For more information... | 
For more information on the color palettes described in this article, contact 


the following manufacturers directly, circle the appropriate numbers on the 
Information Retrieval Service card, or use EDN’s Express Request service. 


‘Signal Processing Technologies 


— Box 16000 
_ (808) 630-4000 


results available at the system- 
processor data port. By varying the 
bit pattern in the frame buffer, you 
can isolate bad memory chips. And 
because the checksum is calculated 
while the system is running at its 
operating speed, it catches prob- 
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CONVERT WITHOUT 
MuisSTING A CODE 


ith Micro Power Systems’ TTL—Improves noise immunity 
v4 MP574A monolithic A/D 10V, 5MA Reference Output — 
converter, you get full use of 12-bits— Easier to use as a system reference 
for all grades—for highly accurate 200 ns Bus Access Time — Works 
conversions. It stands on its own as a with faster microprocessors 


full A to D functional block or it may 
be interfaced with a microprocessor. 
Our MP574A converter has 25s 
guaranteed conversion time for faster 
throughput. It also has the linear 


performance 
and low power 
consumption 
of Bi-CMOS 
-N 
ese ie mes Onchip Clock, Reference— Requires 
moe ree no external components for most 
+19 ig 415 applications | 
VDC supply 3-State Output Buffer —For direct 
Differential Non-Linearity is lessthan Operation. Con- interface with 8- or 16-bit micro- 
+ 0.5 LSB over an analog input range of . ff processor bus 
sd cca eee venient, off- og 
ee a thes shall ava: Don’t miss out on full 12-bit 
ability is also a plus. And Micro Power performance. For A/D converters 


with the best cost performance, call 
Micro Power Systems’ Hotline, 


(408) 562-3615; 3151 Jay St., 


provides added values like application 
assistance and free, on-site, technical 


Pore Santa Clara, CA 95054. 
Additional features include: Aad a shout our 1 
Digital I/O Interfaces are True technical seminars. 
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size ‘and styles, each sarniahed | ina 
: : variety of metals, finishes and colors. 


You can also rely on our Assembly 

7 Service Experts to recommend the right 
- combination of eyelets and machinery to 
meet your design specifications. 


Send for your free copy of STIMPSON’S 
latest Eyelet Catalog, which illustrates 
over 2,300 standard and 
specialty eyelets and our 
full line of precision-built 
automatic re 
. ‘machines. 


- f$Stimpson’ 


900 SYLVAN AVE. BAYPORT, NY 11705-1097 — 
(516) 472-2000 
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lems that may only be apparent at 
that speed. 

So that you can check the analog 
portion of the device and its sur- 
rounding circuitry, the part has on- 
chip comparators that allow you to 
compare the output of a DAC with 
either of the other two DACs or 
with the DAC reference voltage. 
By comparing the DAC outputs, 
the chip checks for gross functional- 
ity and makes sure that signals are 
propagating through the chip. 

By comparing full-scale DAC out- 
puts to the DAC reference voltage, 
you can tell if the monitor is prop- 
erly connected to the system. Ana- 
log graphics systems are termi- 
nated with two 75 resistors in par- 
allel—one at the output of the DAC 
and one at the monitor’s input. If 
the monitor is not connected, the 
voltage is twice as high at the DAC 
as it would be if the monitor were 
correctly terminated. Note that 
80% of the problems in graphics sys- 
tems are related to the monitor— 
either the monitor is bad, or, what’s 
even more likely, a cable or a plug 
is defective. You can use this same 
method for checking the monitor by 
manually comparing the DAC out- 
put to the reference voltage. 

For displays that require faster 
palette clock rates than the 459 pro- 
vides, you’ll need to switch to a sin- 
gle-DAC palette, such as the 
HDAM 51200 from Honeywell, 
which has a top speed of 165 MHz, 
or the Brooktree Bt492, which has 
a maximum speed of 360 MHz. If 
your display must run faster than 
360 MHz, you won’t be able to use 
a color palette at all; instead, you'll 
need to build your video-interface 
portion from discrete components. 
Discrete video DACs fabricated in 
bipolar technology can reach speeds 
in excess of 360 MHz. 


Article Interest Quotient 
(Circle One) 
High 503 Medium 504 Low 505 
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Were eliminating 
the competition 
with something 
everyone else seems 
to have forgotten 

you need... 


Plessey - Unsurpassed 
Process Technology 


As system design becomes more and 
more challenging, and product life 
cycles become increasingly shorter, 
design flexibility and getting it right the 
first time have become critical factors 
in gaining and maintaining that max- 
imum performance edge you’ve been 
looking for. 

Plessey’s investment in advanced 
process technology is unequaled in the 
industry. Successive reductions in 
feature size and continued improve- 
ment in process techniques are at the 
heart of leading-edge Plessey products. 


PLESSEY and the Plessey symbol are trademarks of the Plessey Com- 
pany, PLC. 
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Plessey - The Ultimate in 
ASIC Technology 


Our broad range of ASIC products 
has grown to the point where we are 
now able to meet all the needs of ASIC 
users. We offer a full ASIC product 
range with a variety of options for 
digital, analog and mixed analog/digital 
applications, in gate arrays, standard 
cells, and full-custom. Advanced, state- 
of-the-art processes in fine geometry, 
high-density CMOS, bipolar and ECL 
technologies give you the highest levels 
of performance and system integration 
available today. 


Plessey - Unparalleled 
CAD Support 


The Plessey Design System (PDS) is a 
comprehensive suite of software em- 


bracing the design, simulation and im- 
plementation of gate arrays, standard 
cell and compiled ASICs in CMOS and 
bipolar technologies. 

Customers who want to use their 
own CAD workstations or simulators 
are accommodated by flexible design in- 
terfaces at various stages into PDS. 


Plessey - Standard Products 
And Discrete Components 


Plessey’s standard product family of- 
fers the highest performance product 
range available in the world today. 
Capabilities range from CMOS DSP 
devices operating in excess of 20MHz to 
the world’s most advanced 1.3GHz 
monolithic log amplifier. 

High performance solutions are also 
offered in radio communications, digital 
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frequency synthesis, data conversion, 
telecommunications, data communica- 
tions and consumer products. 

Complementing the standard IC 
family, Plessey manufactures a com- 
plete line of discrete components in- 
cluding FETs, transistors and diodes 
available in SOT-23 and TO-92 
packages. 


Plessey - Over Two Decades 
Of Quality Commitment 


For more than 20 years, Plessey 
Semiconductors has been commited to 
supplying the latest technology, highest 
quality, and highest performance 
semiconductor products in the in- 
dustry. With our unique combination 
of CAD support, major advances in pro- 
cess technology, and the most advanc- 
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PLESSEY KEY PROCESS TECHNOLOGY 


BIPOLAR 


Ft EMITTER METAL 
WIDTH LAYERS 


DESCRIPTION 


industry standard 400MHz 14um 1 
High voltage 400MHz 20um 1 
High speed linear 4.5GHz 4um 2 
High speed digital 6GHz 3um 2 
Ultra-high speed 14GHz 0.6um 3 


MOS 


PROCESS FAMILY {CLOCK MINIMUM  VSUPPLY 
FEATURE 
KC Industry standard CMOS 20MHz 4um 3-10V 
JG Double SiGate NMOS 10MHz 6um 9-18V 
VB High speed CMOS 40MHz 2um 3-5V 
VJ Very fast CMOS 5SOMHz 1.5um 3-5V 
VQ Ultra fast CMOS 75MHz 1.2um 3-5V 
MH/MA SiGate CMOS 30MHz 4um 3-15V 


BIPOLAR (CDI) 


EMITTER 


PROCESS WIDTH/ GRID MAX. MAX. MIN. 
FEATURE SIZE PITCH SPEED POWER POWER 

ORIGINAL CDI Sum 

CDI FAB | 3.75um 11.5um =‘10ns 2.4pJ 1.5pJ 

CDI FAB lla 2.5um 8um 4ns 1.2pJ 0.8pJ 

Geometry change (utilizing multi-level differential logic-DML) 

CDI FAB IIb 2.5um 8um 800ps 0.8pJ 0.54pJ 

CDI FAB Ill 1.5um 6um 400ps_ 0.4pJ 0.27pJ 


CDI FAB IV 1.2um 4.5um 200ps 0.2pJ  0.14pJ 


ed research facility in the world, 
Plessey Semiconductors is, today, a 
totally commited leader in the industry. 


For further information you can write 
to us at one of the following addresses: 


Plessey Semiconductors 
1500 Green Hills Road 
Scotts Valley, CA 95066 
U.S.A. 


To learn more 
on how Plessey can 
help you achieve 
the maximum per- tly 
formance that —- 
gives you the 
edge, send for 
our new comp- 
rehensive, full 
color, 72-page 
short form 
brochure, 
or call Plessey 
Semiconductors today. 


© PLESSEY 
In North America call 1-800-441-5665. fasten Lor 
Outside North America call 44-793-726666. [i is dS 
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Plessey Semiconductors Ltd. 
Cheney Manor, Swindon 
Wiltshire SN2 2QW 

United Kingdom 


Industrial Electronics Product Showcase 


PC-based test systems 
and equipment cominate 
Industrial applications 


The industrial personal computer is becoming an impor- 
tant tool in factory automation, but several factors 
have slowed the PC’s penetration into the manufactur; 
ing environment. Although the PC has gained ground 
in specific applications, many of its industrial imple- 
mentations are too proprietary for general use. Some 
implementations don’t have enough power at an afford- 
able price, and others are unnecessarily intimidating 
to the average factory worker. However, suppliers of 
PC-based test equipment and automated systems are 
taking steps to remedy these shortcomings by creating 
graphics-based software and programming methods 
that ease the worker’s task. 
For example, Automatix Inc offers its AI-90 system 
for use in a variety of factory applications. Based on 
an industrial version of the Apple Macintosh II com- 
puter, the AI-90 combines significant processing power 
with the recognized ease of the Macintosh II desktop 
interface. Instead of learning a complex set of program- 
ming commands, the operator has only to point to on- 
screen icons via a mouse, trackball, or touch-screen 
interface. Such capabilities greatly minimize training 
time and expense by providing a user-friendly interface 
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that is easy to learn. Moreover, the AI-90 is versatile. 
You can use it as a cell controller, as an intelligent 
shop-floor terminal, as a test-stand controller, or as a 
general-purpose PC suitable for an industrial environ- 
ment. 

Apart from the control field, CADKey Ine and 
Browne & Sharpe Manufacturing Co have combined 
their respective strengths in CAD software and coordi- 
nate measuring equipment to provide a PC-based sys- 
tem that generates an accurate blueprint of an object— 
without the original specifications on hand. The CADD- 
Inspector not only provides this reverse-engineering 
function, but it’s also usable in the normal inspection 
process to compare a manufactured part with its CAD- 
compatible design. 

And, this showcase doesn’t confine itself to high-level 
systems only. In this roundup of industrial products, 
you'll find numerous examples of other equipment and 
components. Included are such products as transduc- 
ers, switches, oscilloscopes, printers, semiconductor 
modules, power supplies, data recorders, and video 
monitors, to name just a few. You may very well find 
just what you’ve been looking for. 
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The Application Servers 


Build your application with Mizar’s new generation 
of 32-bit microcomputers. 
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New standards of VME performance. 


Mizar presents a new line of micro- 
processors for VME-based applications. 
With powerful Motorola 68020 and 
68030 CPUs at up to 30 MHz, and the 
latest in memory interface and surface 
mount technology, Mizar provides the 
performance and functionality your 
application demands. 


Platforms for every application. 
Mizar designed its new processors __ 
with the application developer in 
mind. Mizar's single-height processors 
are not only excellent computing 
engines, but through Mizars MXbus™ 
become uniquely configurable to meet 
specific |1/O, memory and processing 
needs. MZ 8100 Series single-height _ 
processors can betransformed into 
double-height solutions with complete _ 
single-board functionality and perfor- _ 
mance. Similarly, the MZ 7100 Series 
of double-height processors provide 
all you expect from a single board 
computer, and can be tailored with 
easy-to-use plug-in modules. With 
either solution, you can start develop- _ 
menttoday | || == 
Superior memory handling. | 
Mizar engineers have reduced criti- 
cal wait-states to zero at 16.7, 20 and 
29 MHz in many cases. To enhance 
multiprocessor system performance, 
Mizar’s new on-card memory arbitra- 
tion logic frees the CPU during time- 
consuming memory operations across 
the VMEbus, allowing concurrent local 
processing. And for more demanding 
applications, Mizar’s 68030 based 

MZ 7130 even includes cache options. 


Your application demands the latest in 
32-bit VME technology. Call Mizar. 


1-800-635-0200 


Ask for extension 140 


Industrial Product Showcase 


H-bridge power module features 


current sensing and package isolation 


Fabricated in the company’s TMOS 
technology, the MPM3002 is an H- 
bridge power module with current- 
sensing capability. The module fea- 
tures a space-saving isolated pack- 
age that eliminates the need for iso- 
lating hardware and reduces assem- 
bly costs. Designed for applications 
in servo motor drives, stepper- 
motor controls, and switching 


power supplies, the MPM3002 is 


rated at 100V, 8A. It has a power 
rating of 62.5W at a case tempera- 
ture of 25°C, and an isolation volt- 
age rating of 2000V rms. 

The H-bridge consists of p-chan- 
nel power MOSFETs in the upper 
legs of the bridge. It simplifies the 


drive circuit and _ n-channel 
SenseF'ETs in the lower legs of the 
bridge, allowing cycle-by-cycle cur- 
rent sensing that is essentially 
lossless. The n-channel and p-chan- 
nel pairs of the MPM3002 are die- 
bonded to separate copper lead 


Industrial line-scan camera 
features video data rates to 10 MHz 


Designed to operate in harsh indus- 
trial environments while delivering 
laboratory precision, the LC1901 
line-scan camera is housed in a 
lightweight, but rugged, aluminum 
enclosure. The camera’s internal 
construction utilizes shock-absorb- 
ing interconnection materials and 
features hybrid circuits that are 
laminated onto aluminum mounting 
plates for efficient heat transfer. 
The camera can withstand shocks 
of 100g peak and random vibration 
in excess of 20g rms. 

The LC1901 senses light input 
from a scene and converts it into 
an analog video signal, the ampli- 
tude of which is a linear function 
of the scene’s incident illumination. 
An electronic shutter and an- 
tiblooming structures within the 
sensor ensure performance over a 
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wide range of lighting conditions. 
The camera is available with 256, 
512, 1024, or 2048 photo-element ar- 
rays to satisfy the most stringent 
spatial resolution and speed re- 
quirements. 

Three externally generated, dif- 
ferential-input signals control the 
camera operation. The frequency of 
the master clock determines the 


frames. An insulating material iso- 
lates the lead frames from the alu- 
minum case. 

Additional electrical characteris- 
tics include a drain-to-source on- 
resistance of 0.150 max at 4A, an 
input capacitance of 900 pF max, 
and p-channel rise and fall times of 
130 and 60 nsec, respectively. The 
MPM3002 costs $9.57 (100). Sample 
quantities are available from stock; 
production quantities have 6-week 
lead times. 

Motorola Inc, Technical Infor- 
mation Center, Box 52073, Phoe- 
nix, AZ 85072. Phone (602) 244- 
4911. | 
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video data rate; the period of the 
line-transfer input defines the line- 
scan rate; and the line-reset signal, 
in conjunction with the line-transfer 
input, controls the integration pe- 
riod. This arrangement allows video 
data rates as high as 10 MHz, line 
rates exceeding 35,000 scans per 
second, and provides electronic ex- 
posure control. 

Additional specifications for the 


~LC1901 include a 2000:1 dynamic 


range, a video level of 1.1V into a 
1000 line, and a 48-dB signal-to- 
noise ratio. The camera operates 
from supplies of 12V at 295 mA, 
—12V at 70 mA, and 5V at 350 mA. 
The LC1901 costs $1385. 

EG&G Reticon, 345 Potrero 
Ave, Sunnyvale, CA 94086. Phone 
(408) 738-4266. 

Circle No 661 
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Industrial Product Showcase 


Automated production tester 
characterizes optical fiber and cable 


Designed for the high-volume pro- 
duction environment, the Model 
2210 automated optical-fiber analy- 
sis system provides manufacturers 
of optical fiber and cable with a 
high-speed, high-repeatability sys- 
tem for characterizing both multi- 
mode and single-mode fibers. 

The 2210 performs multimode 
spectral attenuation measurements 
from 800 to 1600 nm with an auto- 
mated serpentine mandrel in accor- 
dance with CCITT- and EJA-rec- 
ommended methods. An optical far- 
field scanner helps you make nu- 
merical aperture measurements and 
determine the appropriate mandrel 
setting. 

The tester measures three single- 
mode optical-fiber characteristics 


that manufacturers monitor in sta- 
tistical quality assurance programs: 
spectral attenuation, cutoff wave- 
length, and mode-field diameter 
(performed with an optional vari- 
able aperture unit). The 2210 incor- 
porates a fiber preparation system 
that reduces cleaving and alignment 
time per fiber to less than 30 sec, 
and complete measurement time to 
less than 2 minutes. 


Recorder features 30 channels 
for long-term data acquisition 


Designed for long-term data acqui- 
sition and recording lasting weeks 
or months, the PM-8238 multipoint 
data recorder can record as many 
as 30 simultaneous inputs in 8 sec. 
The instrument displays the data 
from each of the individually pro- 
grammable channels in either 
graphic or tabular numeric form. 

The recorder’s full-scale resolu- 
tion of 1000 dots provides a pV 
measuring resolution over the full 
10-in. plotting width, allowing pre- 
cision measurement of all values. A 
zero-suppression feature, together 
with selectable chart-transport 
speeds, ensures proper scaling of in- 
put values and optimum use of the 
recording area. 

The programmable input chan- 
nels let the operator choose any de- 
sired combination of 2-, 3- and 4- 
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wire measurements of millivolts, 
volts, or temperature. The operator 
can choose range, span, and lineari- 
zation settings to match the inputs 
from thermocouples or other 
transducers. Once entered, configu- 
ration, scaling, and chart speeds are 
stored in interchangeable, plug-in 
memory modules for quick recall. 
The PM-8238 uses function keys 
(with LED indicators) and a nu- 


The 2210 system is PC/XT com- 
patible and is equipped for data 
communications via an RS-232C or 
an optional IEEE-488 interface. 
The test data is logged on MS-DOS 
floppy disks for later off-line data- 
base evaluation. The system can 
also communicate with mainframes 
or other PCs via either RS-232C or 
IEEE-488 interfaces. A complete 
Model 2210 system costs $65,000. 
The price of the optional variable 
aperture unit is $15,800 and the far- 
field scanner sells for $17,000. De- 
livery, six weeks ARO. 

Photon Kinetics Inc, 9350 SW 
Gemini Dr, Beaverton, OR 97005. 
Phone (503) 644-1960. TLX 
4992356. 
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meric panel to select functions and 
preset values. Interactive program- 
ming simplifies the operation, and 
error signals provide operator guid- 
ance. You can also enter parame- 
ters remotely through a personal 
computer via RS-232C or IEEE- 
488 interfaces. 

The instrument uses a low-main- 
tenance thermal printing system 
that lets you avoid the use of ink 
reservoirs, ribbons, or pens. A spe- 
cial industrial version of the re- 
corder, the KS-8288, features a full- 
sized front door to protect the in- 
strument in harsh environments. 
The PM-8238 costs $5500, and the 
KS-8238 sells for $5950. 

John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. Phone 
(800) 443-5853. TWX 910-445-2943. 
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SOLDERLESS COMPLIANT PINS 


100% connection reliability 
even in your toughest 
multilayer designs. 


TRIFLEX™ solderless compliant pin connectors are your best solution for 
difficult press-fit assembly problems associated with high density backplane 
designs. 


TRIFLEX’s unique, dual compliancy design combines the compliant action of a 
split post with the torsional effect of a radial tri-beam, giving you the most con- 
sistent insertion forces throughout the entire range of hole sizes. 


Unlike standard compliant designs, TRIFLEX stores elastic energy longer for 
continuous high pressure between the compliant section and the hole wall. 
You're assured of reliable performance—in any operating environment. 


Plus, we've made significant investments in statistical process controls (SPC) 
for our manufacturing operations to insure product 

quality before it leaves the manufacturing cycle. 

Our “JUST IN TIME” and “SHIP TO STOCK” 

programs save you the expense of additional in- 

spections and the need for larger inventories. 


90 for fast, trouble-free assembly, low installation 

costs and complete connection reliability, ask for 

TRIFLEX solderless card edge, DIN and ioe hes ema 
D-subminiature connectors from HOLMBERG sales offices. A TRIFLEX users 
ELECTRONICS. handbook is also available. 


|>)= = ° HOLMBERG 
sin ELECTRONICS 


Inman, SC 29349 USA - - (803) 472-4141 
FAX: 803-472-3985 (Customer Service) 
FAX: 803-472-8568 (Marketing/Engineering) 
© 1988 Holmberg Electronics Corporation 
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Industrial Product Showcase 


Thermal printer mechanisms 
feature high speed and high resolution 


The FTP-421MCL001 and FTP- 
441MCLO001 are 40- and 80-column 
thermal printer mechanisms, re- 
spectively. Both offer print speeds 
of 250 dot-lines/in. at a resolution 
of 160 dots/in. for both graphics and 
character generation. These print- 
ers quickly generate the complex 
data associated with such applica- 
tions as medical readouts, scientific 
analysis and measurement, and 
data communications. 

The FTP-421 and FTP-441 
achieve their high-speed operation 
by means of integrated driver cir- 
cuits in the thermal printhead. In 
addition to the high printing speed, 


both mechanisms feature front and 
rear paper-loading capabilities for 
printing on different types of me- 
dia. Rear paper insertion minimizes 
bending of the media and accommo- 
dates thick paper, or labels, for bar- 
coding or coupon-generating appli- 
cations. This dual-purpose insertion 
feature also facilitates mounting of 


the printer mechanism in different 
devices. Depending on the applica- 
tion, the mechanism can eject paper 
from either the top or the back of 
the mechanism. 

A step motor friction-feeds paper 
across the platen for contact with 
the thermal printhead. A minimum 
of moving parts ensures a printer 
service life of 30 million pulses. The 
FTP-421 costs $198, and the FTP- 
441 sells for $258. 

Fujitsu Components Inc, 3320 
Scott Blud, Santa Clara, CA 
95054. Phone (408) 562-1000. TWX 
910-338-0190. 
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Cell-controller hardware platform 
is built for the factory floor 


The Sy/Gate MiniCell controller is 
a compact hardware platform de- 
signed for industrial applications. 
Measuring 14X6.25x6.5 in. and 
weighing 12.5 lbs, the controller 
takes up one-fifth the space and 
weighs one-quarter of comparable 
products, according to the manufac- 
turer. 

The controller boots up on the 
MS-DOS operating system, but 
runs above the DOS system on its 
own multitasking operating system. 
This arrangement lets the user se- 
lect from the many software pack- 
ages that run on the MS-DOS sys- 
tem, yet has the advantage of a pro- 
prietary operating system designed 
specifically for the plant floor. 

The Sy/Gate unit has an Intel 
8088 processor at each of its four 
serial ports and features 1.5M bytes 
of RAM, compared to the 640k 
bytes inherent in MS-DOS. The 
MiniCell controller communicates 
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with the Sy/Gate MicroCell control- 
ler, with ASCII-based devices, and 
with a variety of programmable 
controllers, including Allen-Bra- 
dley, GE, Gould, Reliance, Struth- 
ers-Dunn, and Westinghouse. Un- 
like similar products, the MiniCell 
controller operates without a fan at 
ambient temperatures from 0 to 


60°C. A double-digit display pre- 
sents fault indications, thus allow- 
ing you use the controller without 
a monitor. 

IBM PC/AT-compatible cards 
plug into the hardware platform. 
The memory allocation is 1M byte 
of RAM for application programs 
and 512k bytes of battery-backed 
RAM disk for executuve programs, 
such as DOS batch files. Programs 
are stored and retrieved using the 
512k-byte RAM disk or, optionally, 
31/2-in. floppy-disk drives or a 20M- 
byte hard-disk drive. 

Including hardware and soft- 
ware, the Sy/Gate MiniCell control- 
ler costs $14,995. The company of- 
fers a 2-day training seminar and a 
4-day application workshop. 

Square D, Automation Products 
Div, 4041 N Richards St, Milwau- 
kee, WI 53212. Phone (414) 332- 
2000. 
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CVEN-TEMPER ATURE SENSOF 


The MPD8020 uses Mixed CMOS/DMOS/Bipolar Technology to provide 
the user true monolithic smart power management. 


Only 45 days after you give us the layout of 
your breadboard, built from our Kits #1 and #2, 
we'll give you perfectly tailored smart 100V ICs. 
What's more, you'll get them for a fraction of the 
cost of custom circuits. 

Design Power ICs Faster. 

Micrel’s new MPD8020 CMOS/DMOS Semi- 
custom High Voltage Array combines CMOS analog 
circuits, TTL/CMOS compatible high speed CMOS 
logic, and high voltage DMOS power drive circuits 
on one monolithic IC. 

A Great Library of Parts on Every Array. 

16 fully floating 100V, 200 mA N-channel DMOS 
FETs. ¢ 3 op amp/comparator/Schmitt trigger pro- 
grammable macro cells and numerous array op 
amps. * 1 unity gain analog output buffer. « 1 band- 
gap reference. « 1 overtemperature sensor. ¢ 16 high 
voltage CMOS level shifters * 200 CMOS gates in an 
uncommitted array. « 12 TTL/CMOS I/O buffers. 16 
medium current sink pre-drivers. ¢ 4 internal high 
and low voltage power supplies. « Zeners, resistors, 
capacitors and more. 

Two Development Kits. 

For breadboarding your semi-custom 
MPD8020, Micrel offers two development kits to 
demonstrate the operation of key SSI and MSI cir- 
cuits. Each is housed in a 40 pin DIP Kit #1 ($20) 
provides 11 commonly used analog circuits. Kit #2 
($15) carries 8 digital circuits to check speed and 
digital timing characteristics. 

After the customer has used the development 
kits to determine the interconnect pattern, Micrel 
turns each IC into a proprietary smart 100V ASIC for 
about one-sixth the cost of a custom IC. As your 
needs grow, we can quickly turn your semi-custom 
chip into a full custom chip for even greater savings. 
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Mi-CUSTOM SMART 100V | 
IC's IN 45 DAYS. 


The MPD8020 can be packaged in a 44 PIN 
JEDEC PLCC with an integral heat sink, 16 to 48 PIN 
DIPs, or single in-line power package. Packaged 
units available to MIL STD 883C. Dice are also 
available for hybrid manufacturers. 

A single +5 Volt to +15 Volt supply powers the 
logic and analog circuitry. High voltage portions 
operate at + 20 to +100 volts. The chip can also 
derive the +15 volt supply from a 24V, 48V, or 100V 
high voltage supply. An internal voltage pump can 
be used to drive the high side gates of the power 
N-channel DMOS FETs at 15 volts above the +100 
volt supply for rail-to-rail high voltage switching. 
Wide Range of Applications. 

Use the MPD8020 in switching regulators, 
motor control, relay and solenoid drivers, smart 
switch with bus decode, smart lamp drivers, auto- 
motive switching, printer solenoid drivers, and high 
voltage display drivers. 

Build Safety and Reliability Into Your Product. 

You specify which safety features you want 
built-in such as overtemperature, overcurrent, 
short circuit, and overvoltage protection. The cir- 
cuit can then take immediate action whenever any 
of these faults are detected and send a status signal 
back on your microprocessor data base. You can 
design safety in at the outset. 

For more information, fill out the coupon 
below or contact Marvin Vander Kooi, Micrel, Inc., 
1235 Midas Way, Sunnyvale, CA 94086. 

Phone (408) 245-2500. FAX (408) 245-4175. 
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Industrial Product Showcase 


Handheld oscilloscopes feature 
digital storage and 5-MHz bandwidth 


Weighing less than 7 lbs with carry- 
ing case, batteries, and accessories, 
the T200 and T201 oscilloscopes 
utilize flat-panel LCD technology 
and digital capabilities to achieve 
their 10 x 4.5 X 2-in. size. 

The 2-channel scopes offer a dual 
timebase, a 5-MHz bandwidth for 
repetitive signals, a 2-MHz band- 
width for single-shot signals, and a 
20M sample/sec sampling rate with 
50-nsec resolution. Users may 
choose from two different inter- 
faces. The T202 offers a standard 
scope interface with its front-panel 
controls divided into traditional 
functional sections. For users who 
prefer left-to-right logical manipula- 
tions, the T201 offers a calculator- 


like interface. 

Other features include the ability 
to preset time and trigger functions 
via simple programming sequences, 
a nonvolatile memory that can store 
nine front-panel settings or nine 
separate waveforms for later recall, 
and signal-processing capability for 
differential and ratio measure- 
ments. 

The T201 and T202 cost $1995 
each and include a battery pack, 
two probes, a carrying case, a man- 
ual, and an audio cassette training 
kit. 

Tektronix, Portable Test Instru- 
ments Div, Box 1700, Beaverton, 
OR 97077. Phone (800) 426-2200. 
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Industrial computer system 


provides graphics-based interface 


Based on the Macintosh II com- 
puter, the AI-90 system combines 
processing power with an easy-to- 
use graphics interface. Instead of 
learning complex programming 
commands, the factory worker has 
the choice of using an icon-based 
mouse-driven, trackball, or touch- 
screen interface.This type of in- 
terface minimizes the time and ex- 
pense of training, and simplifies 
day-to-day operation. 

You can use the AI-90 system for 
a variety of factory applications: as 
a cell controller; as an intelligent 
shop-floor terminal; as a test-stand 
controller; as an industrial PC; as 
a data analyzer; and as a lab instru- 
ment controller. The AI-90 runs all 
Macintosh II software and has op- 
tional support for MS-DOS and 
Unix programs. In addition, the 
system supports a variety of stan- 


88 


dard application programs including 
statistical process control (SPC), 
motion control, and artificial intelli- 
gence languages. 

The computer features a 68020 
32-bit wP operating at 16 MHz and 


a 68881 math coprocessor. The sys- 
tem, which provides 1M byte of 
RAM as standard memory, is on- 
board expandable to 8M bytes. Ad- 
ditional memory expansion via the 
NuBus slots provides a maximum 
2G bytes of address space. An op- 
tional 68851 memory management 
unit is available. 

Standard peripherals include a 
31/2-in., 800k-byte floppy-disk 
drive, a color monitor with a 16- 
million color palette or a mono- 
chrome monitor with 256 gray 
Shades, having a resolution of 
640 x 480 pixels. The basic AI-90 
measures 21X17.5X8.5 in. and 
weighs 45 lbs without options. 
$8500. 

Automatix Inc, 1000 Tech Park 
Dr, Billerica, MA 01821. Phone 
(508) 667-7900. TLX 951518. 
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... WITH SENSYM AT THE HEART. 


Pressure Sensors 


Sensym offers the industry's 
broadest line of solid state pressure 
sensors. For example, the new SCX 
series pressure sensors Offer: 


e Guaranteed precision over 
temperature: 1% max! 
® Calibrated zero: 300 vV max! 


e 26 models. From 0-1 psi up to 
0-100 psi 


e $15 each in 100 piece quantities 


1255 Reamwood Avenue ° 
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Solid-State Accelerometers Sensor Handbook 
Sensym offers the latest in F R E E 


micromachined semiconductor The new 1988 handbook features over 
accelerometers. They're available in 00 pages of the latest product and 


ranges from 2 g’s to 200 g's. application information on: 
And, for only $57 each in single [7% Solid State Accelerometers 
piece quantities. Us Silicon Pressure Sensors 
os Media Isolated Transducers 
Visit Bei! oa Expo ag Ultra Low Pressure Series 
(10” HyO Full Scale) 
DIC Re Cay SS A Gancnr Modules 
hh 144] Call us today for your free copy. 


Sunnyvale, CA94089 ¢ Tel.:|408| 744-1500 
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Innovative design provides 3 kW 


of power in a5 X 8 X 15-in. package 


By using a combination of hybrid 
and monolithic ICs, low-loss mini- 
ature capacitors, and 100-kHz 
power MOSFETs, the 9R-Series 
switching power supplies deliver 3 
kW of power in a5X8X15-in. pack- 
age. According to the manufac- 
turer, the 9R SuperSwitcher is the 
industry’s first 3-kW supply with a 
5x8 xX X-in. frame—the previous 
industry standard being 1.5 kW in 
a 5X8xX11-in.-frame size. 

The 9R5-600-381 model provides 
a 5V, 600A de output at 50°C. Other 
models in the series provide outputs 
of 2, 12, 15, 24, 36, and 48V. The 
ac input is 165 to 265V (220V typ); 
either 36A max single-phase, or 
21A max 3-phase at 47 to 63 Hz. 
The series can also function as a 


de/de converter with a 200 to 375V 
de input at 19A max. The input 
power to the supply is via 8-32 
screw terminals. 

Standard features include an ac- 
tive soft-start, an N+1 current- 
sharing capability, remote sensing, 
automatic thermal shutdown, and a 
ball-bearing de fan. I/O capabilities 
include high or low logic inhibit, in- 


put power fail, output good, remote 
adjust, current share, and margin 
low/high. The supplies meet UL, 
CSA, IEC, and VDE specifications; 
approvals are pending. 

The 9R-Series current-mode sup- 
plies use four time-staggered power 
inverters that reduce ripple cur- 
rent, minimizing the stress on input 
and output capacitors. The four 
separate inverters also enhance 
overall reliability—if one inverter 
should fail, the remaining inverters 
will provide about 80% of the maxi- 
mum output current. The 9R5-600- 
381 supply costs $1890 (under 25). 

Powertec, 20550 Nordhoff St, 
Chatsworth, CA. Phone (818) 882- 
0004. TLX 277483. 
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Test system handles circuit boards 
containing mixed analog /digital functions 


The Model 8000 combinational 
board test system features several 
capabilities not available in other 
systems, according to the manufac- 
turer. The 8000’s open architecture 
reduces overall testing costs by al- 
lowing users to design and place 
their own hot-bed test circuitry di- 
rectly onto 8000 system boards and 
control it from the board test pro- 
gram—in synchronization with ana- 
log or digital test subsystems. 

The system contains 2048 
nonmultiplexed test points that pro- 
vide the full range of in-circuit and 
functional testing. A custom driver/ 
receiver interface provides the 
shortest possible distance from the 
board under test to the test-head 
electronics, resulting in fast, clean 
signals. The 8000’s integral fixture 
ground plane provides controlled 
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path impedance, and its unipolar 
fixture design eliminates the capaci- 
tance changes caused by wire move- 
ments that are inherent in hinged- 


_ fixture designs. 


For digital tests, the 8000 offers 
a programmable slew rate from 50 
to 300V/psec, useful in testing 
CMOS, AS, TTL, ECL and Fast 
devices. An integrated 32-channel 
logic analyzer captures the actual 
digital responses, either during test 
verification or production test. 


Also, an integrated graphics wave- 
form editor reduces the time re- 
quired to create and debug digital 
test programs. 

The 8000’s modular analog sys- 
tem is fully synchronized to the 
digital subsystem for mixed signal 
testing. The system achieves maxi- 
mum test coverage and flexibility 
by providing simultaneous analog/ 
digital stimulus and measurement, 
6-wire in-circuit measurement, 
100V stimulus, and a programmable 
short-circuit threshold. 

The 8000 ranges in price from 
$275,000 to $550,000, depending on 
node count and options. 

Zehntel Inc, 2625 Shadelands 
Dr, Walnut Creek, CA 94598. 
Phone (415) 932-6900. TWX 910- 
385-6300. 
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Juld also withstand shock Vili, ZO 
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Digital storage scope makes 
low-frequency measurements to 20 MHz 


Targeted for transducer measure- 
ments and other low-frequency ap- 
plications, the DSO-1602 digital- 
storage oscilloscope combines a 20- 
MHz real-time bandwidth with a 
sampling rate of 20M samples/sec 
in single-channel mode. With 10k 
words of 8-bit acquisition memory 
available on each channel, the 1602 
has both a large memory capacity 
and a 0.01% resolution. 

The oscilloscope features both 
pre- and post-trigger viewing, a 
trigger window, and high-fre- 
quency trigger rejection. A trigger- 
count function lets the scope count 
as many as 16,383 events before 
triggering to extract the pulse of 
interest from a long burst. You can 


use the pre-and post-triggering ca- 
pability to acquire all the data oc- 
curring before an event, or to show 
data that occurs as long as 1000 sec 
after the event. A wide range of 
timebase speeds enables the cap- 
ture of events from 50-nsec to 2000- 
sec duration. 

The scope incorporates automatic 
cursor-based measurement facili- 
ties, with on-screen alpha numerics 


providing a direct readout of the 
measured values. The addition of a 
waveform-processor keypad trans- 
forms the scope into an analysis tool 
that can measure rms voltage, rise 
and fall times, pulse width, fre- 
quency, p-p voltage, and the area 
under the trace. 

The 1602 is fully programmable 
and features IEEKE-488 and dual 
RS-282C interfaces. The 1602 meas- 
ures 17x 14.56 in. and weighs 18 
lbs. The price of the 1602 is $3990. 
Delivery, 60 days ARO. 

Gould Inc, Test and Measure- 
ment Group, 3631 Perkins Ave, 
Cleveland, OH 44114. Phone (800) 
538-9320. 
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19-1n. color monitors 


Designed to reproduce the large im- 
ages required by CAD/CAM and 
other business graphics applica- 
tions, the ECM 1910, 1911, and 
1912 are 19-in. color monitors with 
variable scan capabilities. The se- 
ries also provides options of either 
short- or long-persistence phos- 
phors, and of clear or tinted glass. 

The ECM 1910 monitor has a 
short-persistence phosphor with a 
tinted antiglare CRT that provides 
a bright, high-contrast display for 
use in high ambient-light condi- 
tions. The ECM 1911 also has a 
high-contrast display, but is flicker- 
free due to its long-persistence 
phosphor. The ECM 1912 has a 
clear CRT with a long-persistence 
phosphor for use in bright environ- 
ments. 

All of the monitors feature auto- 
matic adjustment for horizontal and 
vertical frequency. The horizontal 


target CAD/CAM applications 
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adjustment lets the monitor inter- 
face to a PC using a variety of add- 
on color cards and software. The 
monitor automatically adjusts to 
any color card with a horizontal fre- 
quency between 15 and 34 kHz. 
Color cards in this frequency range 
include the IBM CGA, EGA, VGA, 
and PGA. The vertical frequency 
automatically adjusts between 50 
and 85 Hz, a feature that automati- 
cally centers the screen’s display 


when the user switches to a differ- 
ent color card. 
The ECM monitors have a resolu- 


tion of 1024x800 (interlaced) and 


1024 x 512 (noninterlaced). A 1900 
series monitor becomes a stand- 
alone CAD/CAM system when con- 
nected to a PC running popular 
software packages such as 
AutoCAD and VersaCAD. The 
RGB monitor accepts both RGB/ 
RS-170 and IBM TTLI inputs via 
connectors on the rear panel; it ac- 
cepts switch-selectable TTL/analog 
inputs via a 9-pin DIN connector. 
The ECM 1901 retails for $2795; the 
ECM 1911 and 1912 both sell for 
$2895. : 
Electrohome Ltd, 809 Welling- 
ton St N, Kitchener, Ontario, Can- 
ada N2G 4J6. Phone (519) 744- 
7111. 
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In a Navy test, a Tomahawk cruise 
missile exploded into a concrete building. 
When the dust settled, little remained but 
gravel and fragments of casing. 

And the Abbott model C28D0.8 you 
see here. 

Its aluminum baseplate and an adjust— 
ment cap were ripped off in the blast. 

But reconnected on a workbench, the 
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unit still provided a steady .8 am 
DC current — just as it was designe 


Abbott Transistor Laboratories, Inc. 
2721 South La Cienega Bivd., 
Los Angeles, CA 90034. (213) 936-8185 


When reliability is imperative® 
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High-performance drafting plotters 
feature axial pen speeds to 32 ips 


The DMP-60 series single-pen plot- 
ters offer adjustable media-size ca- 
pabilities and handle a variety of 
English and metric media formats. 
The plotters also accept numerous 
add-on performance options such as 
a multipen accessory, an optical 
scanner, and an expanded buffer 
board. 

The DMP-61 has an axial pen 
speed to 32 ips and an axial accel- 
eration as high as 4g. It can produce 
drawings on 16 media sizes from 
8.5X11 in. (A size) to 24x86 in. 
(D size). The large-format DMP-62 
handles 23 media sizes from 8.5 x 11 
in. to 36 X 48 in. (E size). The DMP- 
62 has an axial pen speed of 24 ips 
and an axial acceleration to 2g. 


Each model features a mechanical 
resolution of 0.0005 in. and a same- 
pen repeatability of +0.002 in. 
Both plotters provide onboard 
68000 wP-based intelligence that 
features capabilities such as multi- 
ple fonts, filled fonts, closed-area fill 
with 15 fill patterns, 10 character 


sets, and a curve-generating algo- 
rithm that ensures high line quality 
and smooth curves. The plotters 
can draw on paper, vellum, and 
polyester film using fiber-tip pens, 
disposable technical pens, refillable 
liquid-ink pens, and roller-ball pens. 

The DMP-61 costs $4695, and the 
price of the DMP-62 is $6495. The 
MP-60 multipen changer costs $750, 
and a 1M-byte buffer-board option 
sells for $995. 

Houston Instrument, 8500 
Cameron Rd, Austin, TX 78753. 
Phone (800) 444-3425; in TX, (512) 
835-0900. 
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PC-based measurement system 
generates ss ie eagae blueprints 


The CADDInspector solves the 
problem of obtaining an accurate 
blueprint of an object when you 
don’t have the original design, using 
a process called reverse engineer- 
ing. The CADDInspector also lets 
you compare a manufactured part 
with its CAD-compatible design, 
following the normal inspection 
process. 

The CADDInspector is the inte- 
gral link between CADDKey-3, a 
leading 3-D PC-CADD software 
package and MicroVal, a highly suc- 
cessful coordinate measuring ma- 
chine (CMM). The CADDInspector 
allows direct digitization of both 2- 
D and 3-D points, lines, arcs, cir- 
cles, and splines. When digitizing 
2-D entities, the user can also set 
the depth of the digitized entity. 

The CADDInspector also per- 
forms probe-offset calculations, 
which allows true part-geometry 
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creation. For simplicity, 2-D ge- 
ometry goes on level 2 and is as- 
signed the color red; 3-D geometry 
goes on level 3 and is assigned the 
color olive-green; and offset geome- 
try (corrected for probe offsets) 
goes on level 1 and is assigned the 
color green. The CADDInspector 
program is written largely in 
CADL (CADKey advanced design 
language) and macros, allowing for 
rapid customization. 


Key specifications of the CADD- 
Inspector are a linear accuracy of 
0.006 mm, repeatability of 0.004 
mm, and resolution of 0.002 mm. 
The measuring ranges are X, 356 
mm; Y, 406 mm; and Z, 305 mm. 
The work capacity is X, 457 mm; 
Y, 610 mm; and Z, 381 mm. The 
price for a CADDInspector work- 
station, including CADKey-3, 
CADDInspector, and MicroVal 
CMM, is $19,245. 

CADKey Inc, 27 Hartford Tpk, 
Vernon, CT 06066. Phone (203) 
647-0220. TWX 510-600-7223. 
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Browne & Sharpe Manufactur- 
ing Co, Precision Park, North 
Kingstown, RI 02852. Phone (800) 
531-6245; in MA, (800) 262-5226. 
TLX 6814067. 
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SIEMENS 


Surge voltage protection from a single source 


It doesn’t always have to be lightning. Gas arresters SVP° Siemens can give you allround 
Sparkovers and switching operations show the highest specific surge protection against surge voltages. 
are just as likely to generate spikes current handling capability. Their To find out more, write Siemens AG, 
that can be dangerous for semicon- superior features are: Infoservice B-Z485, Postfach 23 48, 
ductors and microelectronic devices. ® symmetrical V/| characteristic D-8510 Furth, West Germany, 

You might not be able to avoid them, @ fast dynamic response quoting “Surge voltage protection. 


but you can nearly always control @ low-capacitance < 2 pF 
them with varistors and gas arresters @ high insulation resistance 


from Siemens: > 401° ohms Toplech Com ponents 7 
Metal oxide hes ibe SIOV® —-__-@ Classic safeguards in telecom . Siemens _ 


19100-B-2485-X-7600 
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Vision EG&G RETICON 
Design Cameras have 
Problems? Solutions! 


¢ Works in the lab but not in the factory? Withstand shock to 300G, random vibration 
to 30G. 

e Requires high speed data acquisition Data rates to 20 MHz. 

e Too expensive? Slow delivery? Start at $850— off-the-shelf delivery. 

e Lack of electro-optical precision? Precision optical/mechanical registration 


and electronic stability. 


e Technical support not available? Technical sales force and factory support. 
e Unreliable/costly downtime? Reliability by design— backed by warranty. 
e Specular reflections cause blooming? Blooming suppression. 


(Ss RE OC Western Region 408 245-2060 
mC aG AND E. TIC JN So. California 714 583-2250 
345 Potrero Avenue Sunnyvale, California 94086-4197 Central Region 312 640-7785 
Eastern Region 617 745-7400 
Japan 0423 33-8111 
England 0734 788666 


West Germany 089 92692-666 
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SNAP-ACTION SWITCH 


The DN Terminator snap-action 
switch offers potential savings as 
high as $0.50/switch in installed 
cost. Its external design permits 
three methods of installation: tradi- 
tional screw mount, horizontal 
snap-in mount, and vertical snap-in 
mount. The switch also features a 
plug-in connection that mates with 
standard 0.025-in. square pin con- 
nectors on 0.1-in. centers. 

The precision switch has the 
same internal design as the com- 
pany’s D4 Series: a long-life stain- 
less-steel spring mechanism, arc- 
resistant internal barriers, and a 
flame-retardent UL-94V0 case and 
cover. Currently available in an 
spst normally open version, the 
switch has electrical ratings of 0.1A 
at 125V ac with gold crosspoint con- 
tacts, and 3A at 125V ac with silver 
contacts. At its rated load, the 
switch has a life cycle of 1 million 
operations with gold contacts and 
500,000 operations with silver con- 
tacts. The switch meets UL and 
CSA standards. $0.95 (OEM qty). 

Cherry Electrical Products, 
3600 Sunset Ave, Waukegan, IL 
60087. Phone (312) 360-3500. 

; Circle No 610 


HALL-EFFECT SENSORS 

The UGN-5275, UGN-5276, and 
UGN-5277 are latching Hall-effect 
sensor/driver ICs for electronic 
commutation of brushless de mo- 
tors. The devices sense the alter- 
nating polarity magnetic-flux levels 
generated by rotating multipole 
ring magnets in brushless de mo- 
tors. They can also drive inductive 
loads such as relays and solenoids. 
Packaged in a low-profile SIP with 
dimensions of 0.20.13 x 0.06 in., 
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the ICs can sink as much as 300 
mA from complementary, open- 
collector outputs. 

Included in the monolithic chip 
are a Hall-effect sensor, a voltage 
regulator, a closed-loop op amp, a 
Schmitt trigger, a driver stage, and 
a complementary power-output 
stage. The voltage regulator allows 
operation from supply voltages of 
4.5 to 14V. The dual outputs switch 
from complementary on/off to com- 
plementary off/on in accordance 
with the polarity of the sensed mag- 
netic field. The three devices vary 
only in their switching points. The 
UGN-5275 switches at or below 
250G (gauss), the UGN-5276 
switches at 350G, and the UGN- 
5277 switches at 150G. The devices 
are specified for operation over the 
—20 to +85°C temperature range. 
UGN-5275, $0.87; UGN-5276, 
$0.82; UGN-5277, $1.42 (1000). 

Sprague Electric Co, Semicon- 
ductor Group, 70 Pembroke Rd, 
Concord, NH 03301. Phone (603) 
224-1961. 


Circle No 611 


TRANSDUCERS 
Designed for measuring hostile me- 
dia in harsh environments, the 
ST2000 Series transducers are 
housed in a stainless-steel case. The 
series includes four models that 
measure pressure from 0 to 15 psig 


through 0 to 300 psig. Each model 


features a temperature-compen- 
sated 2-wire output from 4 to 20 
mA. Accuracy is within +0.5% and 
all ST2000 Series devices have in- 
ternal voltage regulation that per- 
mits operation over a dc supply- 
voltage range of 12 to 40V. 

The series uses a combination 
diaphragm/oil-fill isolation tech- 
nique that minimizes the amount of 
oil for optimal performance over the 
specified temperature range of — 40 
to +125°C. Other specifications in- 
clude a zero-pressure offset of 4 mA 
(+100 pA), a full-scale span of 16 
mA (+200 pA), a full-scale output 
of 20 mA typ, and nonlinearity and 
hysteresis of +0.5% of full scale. 
$95 (under 25). 

SenSym, 1255 Reamwood Ave, 
Sunnyvale, CA 94089. Phone (408) 
744-1500. TLX 176376. 

Circle No 612 


MOTOR SPEED CONTROL 


Containing nearly all the compo- 
nents needed for a complete de mo- 
tor control system, the EISC72/92 
Series power modules can handle 
motors with ratings from 0.125 to 
5 hp. The output current ratings of 
the modules range from 25 to 50A 
avg at a 180° conduction angle. The 
maximum single-cycle surge-cur- 
rent ratings are 300 to 1000A. 
Each module, which contains 
about 300 equivalent discrete de- 
vices, needs only an external poten- 
tiometer, an on/off switch, and fuses 
to provide a complete speed control 
system for de motors. The EISC 
modules incorporate a full-wave de 
power source for the motor’s field, 
and have a full-wave de, SCR- 
controllable power source for the 
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motor’s armature. Four trimming 
potentiometers in the module per- 
mit adjustments for IR compensa- 
tion, current limit, minimum speed, 
and maximum speed. A red LED 
indicates when power is available 
at the module’s firing circuit. $150 
to $250, depending on the module. 

Gentron Corp, 6667 N Sidney 
Place, Milwaukee, WI 53209. 
Phone (414) 351-1660. TLX 26881. 


Circle No 613 


CONTROLLER 


The Model 8098 is an 8-bit external- 
bus version of the company’s 16-bit 
8096 for real-time 8-bit control ap- 
plications. On-chip features include 
a 10-bit A/D converter, a PWM out- 
put with a S/H circuit, 32 I/O lines, 
a 16-bit CPU, a 16X16 multiply 
unit, a 32/16 divide unit, 8k bytes 
of program memory, and 232 bytes 
of general-purpose registers. The 
multiply and divide functions have 
speeds of 6.25 usec. 

Additional features of the 8098 in- 
clude a 16-bit watchdog timer, four 
16-bit software timers, and two 16- 
bit counter/timers. Having the 
same 16-bit CPU and onboard pe- 
ripherals as its 8096 counterpart, 
the 8098 provides a low-cost alter- 
native for achieving 16-bit perform- 


ance in existing real-time event and. 


motor-control systems, according to 
the company. $4.75 (large orders). 
Intel Corp, Literature Dept W- 


407, 3065 Bowers Ave, Santa 


Clara, CA 95051. Phone (800) 548- 
4725. 
Circle No 614 
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MASS FLOW METER 


Designed for fast-response gas flow 
measurements, the 1100 MFM 
(mass: flow meter) features a mi- 
cromachined silicon flow-rate sen- 
sor. The sensor responds to flow- 
rate changes as low as 0.02 stan- 
dard cm?/minute of nitrogen in 
<500 wsec. 

Sensor output data is fed to the 
MF'M’s »P-controlled signal-proc- 
essing electronics, which produces 
a linear 0 to 5V de output signal in 
<5 msec. According to the com- 
pany, both the long- and short-term 
stability of the 1100 MFM exceed 
the characteristics of all conven- 
tional mass flow meters by several 
orders of magnitude. Its repeatabil- 
ity is +0.2%, and accuracy is 
+ 1.0% of full scale. 

The sensor is passivated with 
silcon oxynitride, making it imper- 
vious to chemical attack. The gas 
flow chamber and all external seals 
are made of 316L stainless steel, 
which eliminates interactions be- 
tween the MFM and the measured 
gas. Other features of the 1100 in- 
clude an auto-zero function, an RS- 
232C interface, selectable alarms, 
EMI/RFI shielding, and onboard 
diagnostics. $1100. Delivery, stock 
to 60 days. 

Innovus, 1756 Junction Ave, 
San Jose, CA 95112. Phone (408) 
436-7790. FAX 408-436-8185. 

Circle No 615 


FUSE BLOCKS 


Additions to the company’s line of 
DIN rail-mounted fuse terminal 
blocks include the 10A and 16A 
Models. Type M-10/16.SF is a UL- 
recognized 600V unit that holds 
standard 0.25 x 1.25-in. fuses rated 
from 0.25 to 16A. When ordered 
with an optional neon or LED 
blown-fuse indicator, the designa- 
tion is M-10/16.SFL. Type T-7/1, a 
1-point terminal block, is rated at 
0.18 to 10A and features an auxil- 
lary contact. Type T-7/8 contains 
eight fuses and eight separate auxil- 
lary circuits; you can use it for fus- 
ing 8-point programmable logic- 
controller I/O units. 

The M-10/16.SF(L) is rated for 18 
to 8 AWG wire size and needs only 
16-mm spacing on the DIN rail. The 
T-7/1 and T7/8 require 13- and 89- 
mm spacing, respectively. M-10/ 
16SF, $8.30; M-10/16SFL, $8.50; T- 
7/1, $14.25; T-7/8, $98.50. 

Entrelec, 2 Ram Ridge Rd, 
Spring Valley, NY 10977. Phone 
(800) 431-2308. TLX 996619. 

Circle No 616 


THICKNESS TESTER 


Combining beta-backscatter and 
magnetic-induction principles in a 
single unit, the Beta-Min 1800 is a 
computerized plating/coating thick- 
ness measurement system. The 
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tester measures the thickness of 
nickel (even through final layers of 
gold and rhodium), tin-lead, gold, 
and copper. 

The Beta-Min 1800 provides a 
precise evaluation of all critical 
coatings, including nickel-plated 
tabs, and ensures correct plating 
thicknesses during the manufacture 
and inspection of pe boards. The 
wP-based device features a 24- 
character alphanumeric display. 
Thickness results are displayed in 
microinches, mils, micrometers, 
percent composition, or counts per 
minute. The unit simultaneously ac- 
cepts two beta probes and a nickel 
probe, with software-controlled 
probe selection. 

Other features include nonvola- 
tile memory, 20 data-retention loca- 
tions, plating-bath density correc- 
tion, base-material correction, an 
RS-232C port, and a parallel- 
printer interface. The unit weighs 
12 lbs and measures 156X138 in. 
The power input is 15W at 115/ 
230V, 60 Hz. $5000. 

CMI International, 2301 Arthur 
Ave, Elk Grove Village, IL 60007. 
Phone (312) 439-4404. TLX 282052. 


Circle No 617 


12V SEALED BATTERY 


The PS-1242 rechargeable 12V 
sealed lead-acid battery has a ca- 
pacity of 4 ampere-hours. The 
3.54 x 2.75 x 4.01-in. unit packs 1.23 
watt-hours of energy/in?. The bat- 
tery is designed for such applica- 
tions as portable power, security 
equipment, emergency lighting, 
and electronic memory protection. 
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/BM PC-AT 


The maintenance-free battery is us- 
able in any position and suitable for 
both standby and deep-cycle appli- 
cations. The PS-1242 can deliver 
40A of high-rate discharge current. 
The battery weighs 3.74 lbs, has a 
life expectancy of more than 5 
years, and can be recharged 200 to 
500 times, depending on the aver- 
age depth of discharge. $16 (500). 
PowerSonic Corp, Box 5242, 


Cameras 


eerie: 730m Production Line 


Factory Floor Control Problem 
Solved by CONTEC 


A leading tire manufacturer tracked yield problems to their 
tread extrusion process. Tread quality is a function of both 
density and width, which are controlled by conveyer speed. 
Engineering installed CONTEC’s Parallel Input/Output Low 


Voltage Digital Control Boards in an IBM PC-AT. The PI-32Ls 
collected data from weight sensors and digital cameras along 
the materials path in real-time, while the PO-32Ls transmitted 
control instructions to the conveyor drive system and PLC. 


Result: Quality and yield 


increased by more than 12%. 
CONTEC has a complete line. 


of digital, analog, communi- 
cations, motion control and 
memory products. Together 
they can solve virtually any 
data acquisition, communi- 


cations and control problem. 


All come with an exclusive 


3-year warranty and toll-free 


technical support hotline. 


Call for a FREE data catalog. 


CONTEC Factory Automation Solutions: the PI-32 Series 


CONTEC 


MICROELECTRONICS U.S.A. INC. 
FAX (408) 436-0206 


Call Toll-Free 1-800-888-8884 
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EVERYTHING YOU’VE 
ALWAYS WANTED... 
ALWAYS NEEDED... 
IN READY-FOR-FIXTURING 


BURN-IN 
OVENS 


New Blue M Burn-in Ovens have been designed to pro- 
vide all the features needed for safe, reliable, cost- 
efficient operation — with performance and styling to 
meet the most demanding system requirements. 


e EXCLUSIVE PRO-TRONIX 
DIGITAL SETPOINT SCR 


CONTROL 

e SEPARATE SOLID-STATE 
OVERTEMPERATURE Offering a temperature range from 15°C. above am- 
PROTECTION bient to +300°C. (+572°F.), they come in popular 


sizes from 9.0 to 32.0 cu. ft. They dissipate 5000 watts 
at +125°C. with a temperature gradient across the 
test space of 6°C. or less. 


AUTOMATIC DAMPER 
MODULATOR — energy 
savings up to 25% 


AIRFLOW, HEATING 
ELEMENT, AND DEFEAT 
TYPE DOOR SWITCHES 


For a// the burn-in chamber your process requires — 
with no extra-cost add-ons needed — come to: Blue M, 
A Unit of General Signal, Blue Island, Illinois 60406. 
Telephone: (312) 385-9000. 


‘Pa| BLUE M 
A UNIT OF GENERAL SIGNAL 
CIRCLE NO 8 


Toroidal 
Transformer —— 
Problems? 


.. Fast! 


At Spang, we’re more than just a winding 
house, and our extensive experience proves 
it. Our engineers will detail the best overall 
design to meet your exact requirements. 

_ $o if you need to resolve a toroidal trans- 

_ former problem fast, call the experts at Spang 
Power Control. Or, write for our free toroidal 
transformer brochure. 


Power Control 


Custom Engineered Toroidal Transformers 
Sandy Lake, PA 164145 * (412) 376-7515 « FAX : (412) 376-2249 
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Redwood City, CA 94063. Phone 
(415) 364-5001. TLX 348400. 


Circle No 619 


IMAGING MODULE 


Based on the company’s solid-state 
image sensor (SSIS), the 56470 Se- 
ries modular subassembly requires 
only a chassis and lens to form a 
complete black-and-white video 
camera for use in machine vision 
and surveillance. The module con- 
sists of the SSIS and all necessary 
drive, video-processing, and power- 
supply circuits. Two basic versions 
are available: a 525-line version that 
meets EIA standards, and a 625- 
line version that meets CCIR stan- 
dards. Each version is available in 
three different sensor-quality 
grades. 

The SSIS used in the module has 
an image area of 6X4.5 mm and 
works at ambient light levels as low 
as 0.5 lux. The unit has a bandwidth 
of 5.8 MHz and an S/N ratio of 46 
dB. An integral master clock de- 
rives the field-, frame- and line- 
synchronization pulses, or you can 
synchronize the unit with an exter- 
nal reference from a computer or 
another camera. The composite- 
video output signal is 1V p-p. An 
iris-control output is available to 
drive lenses with an automatic iris. 
The unit’s C-mount mechanical in- 
terface accepts standard 0.5-in. (or 
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larger) lenses. DM 600 to DM 1300, 
depending on quantity, grade, and 
importing country. 

Philips International BV, Box 
218, 5600 MD, Eindhoven, The 
Netherlands. Phone +31 40 
724173. 

Circle No 618 


LIMIT CONTROLLER 
The Model 2040 limit controller pro- 
vides a limit shut-off control for 
temperature-sensitive equipment 
or process control systems. For 


overtemperature shut-down and 
other applications requiring limit 
contro! action, the unit can act inde- 
pendently of any other controls. 
The controller’s input works over 
a current range of 4 to 20 mA and 
handles a variety of thermocouples 
including J, K, R, 8, T, E, B, and 
Platinum RTD types. The output 
of the 2040 controls a 5A, 240V ac 
noninductive Limit relay that has 
both NC (normally closed) and NO 
(normally open) contacts. 

A bright-blue, high-visibility vac- 
uum-fluorescent display prompts 
the user with fixed sequences of dis- 
plays to ensure the controller’s cali- 
bration and operation. An inde- 
pendent analog-backup circuit 
monitors the measurement and pro- 
vides redundancy to trip the Limit 
relay should the temperature ex- 
ceed the primary setpoint. Other 
features include a self-diagnostics 
capability, a digital watchdog, and 
keypad security. Standard unit, 


$225; FM-approved unit, $235. 

LFE Corp, Instruments Div, 55 
Green St, Clinton, MA 01510. 
Phone (508) 835-1074. TWX 710- 
347-1734. 


Circle No 620 


CALIBRATOR 


The Model 620A resistance calibra- 
tor features eight cardinal resis- 
tance points and is [IEEE-488 pro- 
grammable. Without the need to 
switch leads, the 620A simplifies re- 
sistance measurements in labora- 
tory, engineering, and production- 


Fn a ee 
ELECTRIFYING SOLUTIONS: 


130 to 4000 Watts - SELV Magnetics - 2 to 48 Volts - Made in USA - Rugged Packaging - Fully Regulated - Up to 400 Amps 
Thermal Protection - Short Circuit Proof : 50 Degree C Power Rating - 3750 VRMS I/O Isolation - Optimum Price/Performance 


3601 VETERANS HIGHWAY Ep 
Swi c CHING RONKONKOMA, NEW YORK 11779 om ‘A 
POWER INC Caley vert frou fee Catalog 


TEL. 516/981—7231 
150 to 4000 watts. 
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POWER 
SUPPLIES 
Chosen 


TWX 510 220 1528 


worldwide 
for proven 
reliability! 
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101 


INTROL 


~ CROSS 
DEVELOPMENT 
SYSTEMS 


INTROL-C Cross-Compilers 
- INTROL-Modula-2 Cross-Compilers 
INTROL-Macro Cross-Assemblers 
Provide cost and time efficiency in 
development and debugging of em- 
bedded microprocessor systems 


All compiler systems include: 
Compiler ¢« Cross-assembler « Support 
utilities « Runtime library, including 
multi-tasking executive « Linker * One 
year maintenance « User's manual, etc. 


TARGETS SUPPORTED: 

6301/03 » 6801/03 * 6804 * 6805 « 6809 
¢ 68HC11 * 68000/08/10/12 » 32000/ 
32/81/82 * 68020/030/881/851 


AVAILABLE FOR FOLLOWING HOSTS: 
VAX & MicroVAX; Apollo; SUN; Hewlett- 
Packard; Gould PowerNode; Macintosh; 
IBM-PC, XT, AT and compatibles 


INTROL CROSS-DEVELOPMENT SYSTEMS 
are proven, accepted, and will save 
you time, money, effort with your devel- 
opment. All INTROL products are 
backed by full technical support. CALL 
or WRITE for facts NOW: 
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line applications. Designed for use 


with both smart and dumb DVMs 
and DMMs, the calibrator provides 


resistance values of 1, 10, 100, 1k, 


10k, 100k, 1M, and 10 MQ. The 
worst-case accuracy is 0.002 to 
0.0125%, depending on the resis- 
tance value. The 620A accommo- 
dates 2- or 4-wire connections and 
has a parallel computer interface. 
$1530. 

Electronic Development Corp, 
11 Hamlin St, Boston, MA 02127. 
Phone (617) 268-9696. TLX 951596. 


Circle No 621 


The RTX-2000 10-MIPS, high-per- 
formance 16-bit microcontroller has 
on-chip timers, an interrupt control- 
ler, and a multiplier. The chip fea- 
tures an ASIC Bus, which provides 
off-chip architecture extension, us- 
ing hardware acceleration logic and 
application-specific I/O devices. Us- 
ing a stack-oriented, multiple-bus 
architecture, the RTX-2000 lets you 
implement such real-time applica- 
tions as DSP, image processing, ro- 
botics, graphics, and simulation. 
The RTX-2000 provides direct 
execution of Forth, eliminating the 
need for assembly-language pro- 


gramming. Other features include 
a single-cycle 16-bit multiply unit, 


a single-cycle subroutine call/return 


unit, 3-cycle interrupt latency, and 
two on-chip 256-word stacks. The 
controller also has 1M byte of ad- 
dress space, and word/byte memory 
access. Fabricated in low-power 
CMOS, the RTX-2000 runs at 5 mA/ 
MHz typ. In an 84-pin PGA pack- 
age, $190 (1000); evaluation board, 


647 W. Virginia St., Milwaukee, WI 53204 


414/276-2937 FAX: 414/276-7026 
Quality Software Since 1979 


aa CIRCLE NO 10 


$1500. 

Harris Corp, Semiconductor 
Sector, Box 883, Melbourne, FL 
32901. Phone (305) 724-7800. 

: Circle No 622 


MOTION CONTROL ICs 


Intended for use with a variety of 
de and brushless-de servo motors, 
the LM628 motion-controller IC 
uses incremental shaft-encoder 
feedback to control the position, ve- 
locity, and acceleration and decel- 
eration rates of servo mechanisms. 
The IC takes pukes from an incre- 
mental encoder and commands from 
an 8-bit parallel bus connected to a 
host wP. Based on the commands 
and programmable filter parame- 
ters, the LM628 writes to a DAC 
to control the power to a motor. 

The LM628’s output port can 
drive either an 8- or a 12-bit DAC. 
A second device, the LM629, out- 
puts a PWM pulse stream that can 
drive an H-switch for de motors or 
a commutator like the LM621 to 
control a brushless de motor. The 
LM628 and LM629 differ only in the 
way they interface to the system’s 
power stage. Other features include 
32-bit internal computation abili- 
ties, a 750-kHz encoder capture 
rate, a sampling frequency of 3 kHz, 
and a clock frequency of 6 MHz. 
Both devices come in 28-pin DIPs 
and cost $30 (100). 

National Semiconductor, Box 
398090, Santa Clara, CA 95052. 
Phone (408) 721-4494. TLX 346353. 

Circle No 626 
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microprocessor to improve 
product performance. 


That’s where Signetics 
comes 1. 


Your dependable, worldwide 
supplier of quality ICs. 


Processed with leading: edge 
technology and supported 
with customer oriente 
service. 


Everything essential to the 
total performance of your 
design. 


Ultra-fast microprocessors get most of the 
glory for improving total system performance. 


But what good is a high-speed MPU if the 
other 95% of your system can't keep up with 
it? And what about designs that don’t 
require a microprocessor? 

At Signetics, we haven't developed propri- 
etary MPUs. Instead we've concentrated 


on the other 95% of your system. We#Call 

it “the guts” 

Those essential devices*that keep pace 

with the ho##few MPUs to improve 
G total em performance. 

cs q4¥78 We make it easy for you to get 
rastadle = them. From one vendor. In less 
tnt paee time. With less paperwork. For 
sr} chron’ Jess cost. Over 28,000 different 
WfAS0 By for HishSP”’, types of devices in a variety 


er design ons: O° y 


afiwst Of packages, including military 
vais. Sep" and SMD. From the standard 
ee are avail PROMs and EPROMs needed 
z _ to program your design to 
nab proprietary bus arbiters that 
make your system meta- 


est EZ : ‘ 
eave  Stable-immune. And for 
ysed your application specific 
projects we've got PALs’ 


plus the PLDs and PML that 
we invented. 


We offer over 300 linear ICs, includ- 
ing new Fiber Distributed Data 
Interfaces (FDDIs) that reduce your 
networking costs. And more high speed 
CMOS microcontroller derivatives than 
youll find anywhere else—including OTP 
EPROM versions and SMD packaging. 


We cover all your technology essentials. 
One look at our Technology Roadmap 
(below night) tells you where we are, 
and where were going. 


But that’s not all. 


We're big on quality. As a majef supplier 
of ICs to the military, we ave to be. Setting 
the industry quality,standard—from our 
statistically ingiefiificant 35 PPM to our 
zero defects*warranty. 


We'xe’part of N.V. Philips. That means 
you benefit from our worldwide resources. 
From Philips’ global R&D facilities to 
Signetics new 1 micron CMOS Class 1 
water fab. 


We've got the guts. Were not just talking 
product. We mean people too! Individuals 
who rise to any challenge, and are fanatical 
about customer service and support. 


For example, our Electronic Data Interchange 
(EDI), gets our people closer to yours and 
shortens the time we need to respond to your 
requests. And our Just In Time (JIT) pro- 
gram enables our people to deliver product 
exactly when your people need it. This 
keeps your production on schedule and 
reduces your inventory cost. 


There you have it. Products. Technologies. 
Services. The essentials you need to im- 
prove the total performance of your system. 


We're Signetics. We've got the guts! Make 


us prove it. Call (800) 227-1817, ext. 982 and 
ask for our new capabilities brochure. 
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The VME Volksclosure. 


110 


Finally. The economies of mass production catch up 


with VME and Multibus Il enclosures. 


Introducing tiie Volksclosure, Electronic Solutions 
economy model enclosure with turbo performance. All 
you do is add cards and peripherals for a complete, 


attractive desktop computer. 

With the Volksclosure (also known 
as our Model One) everything comes 
standard: six VME or Multibus II slots, 
space for three half-height 51/4” disk 
drives, and a high-performance 
six-layer backplane all in a highly 
tooled enclosure with our handsome 
front panel that hides those ugly 
connectors and cables. 


$995. Ready to Run. 


You do get a choice between two multiple-output power 
supplies: 190 Watts with 19A at + 5V or 270 Watts with 
30A at + 5V. You can also choose a J2 backplane for VME 
extended addressing or iLBX II for a Multibus II system. 
Most important, while the Volksclosure costs less, you 
dont get less. It fully reflects Electronic 
Solutions commitment to quality and 


performance. For example, VE 

it meets UL and CSA a ‘io 
safety standards and | \J 
FCCClassAEMI/RFI —(\ ts 
specs to the letter. > 


The New Volksclosure. How 
to get a lot more mileage from your 
packaging budget. Call right now 
for complete details. 


We'll FAX you the facts 


Want the latest data in a hurry? Nothing is faster 
than Electronic Solutions’ new ‘‘FAX the FACTS’’ 
program. If you have a FAX machine, just call our 
‘‘800"’ number, give us your FAX number and 
type of FAX machine, and the information you 
need from us. We'll FAX it to you immediately. 


@m\ Electronic 
y, Solutions 


UNIT OF ZERO CORPORATION 


6790 Flanders Drive, San Diego, CA 92121 - (619) 452-9333 Telex !I(TWX): 910-335-1169 


Call Toll Free: (800)854-7086 In Calif: (800)772-7086 
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PRODUCT UPDATE 


DSP board and menu-driven software tools 
perform signal analysis on a Macintosh II 


The MacDSP add-in card and soft- 
ware tools for the Macintosh II pro- 
vide users with an interactive 
menu-driven signal-analysis sys- 
tem. You can specify the DSP card 
in 8M-, 12.5M-, or 25M- flops speed 
grades. When used with a data- 
acquisition daughter card, the DSP 
board can acquire data at a 125-KHz 
rate, process the data, and display 
the data in real time. 

The MacDSP employs the AT&T 
DSP32 floating-point digital-signal 
processor. The processor can per- 
form multiply-accumulate opera- 
tions in a single instruction cycle, 
thereby offering far superior com- 
putational power than the Macin- 
tosh 68020 native »P. You can em- 
ploy the card in computationally- 
intensive applications, such as sig- 
nal processing, image processing, 
and graphics. 

Equally important, the DSP 
board comes with a menu-driven 
application-layer software package. 
You control the software via the 
Macintosh mouse and standard 
icon-based user interfaces. DSP 
chips are readily available, but you 
must develop code for a specific ap- 
plication to take full advantage of 
the chips’ speed. However, the 
MacDSP software does include a 
complete application package for 
signal analysis. 

For example, the software can 
perform modulation; FFTs; spectral 
averaging; Hilbert transforms; 
Hamming, Blackman and Kaiser 
windows; and _ Butterworth, 
Chebyshev, FIR and elliptic ITR fil- 
ters. Furthermore, all of the signal- 
processing functions are performed 
and can be displayed in real time. 
The DSP board makes the real-time 
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video-display rates possible by act- 
ing as a rasterizing coprocessor to 
the Macintosh CPU. You can dis- 
play data in a variety of formats, 
such as magnitude, phase, color 
spectogram, and waterfall; and you 
can manipulate the screen image 
with functions such as log scaling, 
zoom, and maximum amplitude 
hold. 

You can apply the signal-process- 
ing functions to incoming data from 
the data-acquisition daughter card, 
to data stored in main memory 
(800k samples/sec max), and to data 
stored on disk (70k samples/sec 
max). Using the mouse and pull- 
down menus, you can configure ana- 
log/digital inputs/outputs and con- 
trol parameters such as sample rate 
and buffer size. Frequently-used 
setups can be saved as documents. 

The software package supports 
multiple windows, therefore, you 
can simultaneously display and 
compare the results of different 
DSP operations. And, you can 
change the type of function being 
applied to data on the fly. You can 
also modify parameters such as cut- 
off frequency on the fly. 

Finally, you can easily develop 


The signal-analysis software and DSP board included in the MacDSP package converts a 
Macintosh II into a real-time interactive DSP workstation. 


other applications for the board. 
The onboard firmware allows access 
to all processor registers from high- 
level Macintosh driver functions. 
You can also call a library of DSP 
functions from a high-level lan- 
guage. The company plans to add 
functions for filter design, linear 
predictive coding, and adaptive 
equalization. You can also develop 
custom code for the board with 
AT&T’s (Allentown, PA) DSP32 C 
compiler. 

The 8M- and 12M-flops versions 
of the board are available now and 
cost $2249 and $2745, respectively. 
The price includes the DSP board 
with 64k bytes of memory and the 
menu-driven software. The 25M- 
flops board should be available by 
the end of the year for $3241. In 
addition, the 125-KHz, 16-bit A/D 
and D/A card costs $486. 

—Maury Wright 

Spectral Innovations Inc, 292 
Gibraltar Dr, Suite A-4, Sunny- 
vale, CA 94089. Phone (408) 734- 
1314. 
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PRODUCT UPDATE 


IPI controller for VME systems 
provides 36M-byte /sec data transfer 


If your VME design calls for faster 
data I/O from Intelligent Peripheral 
Interface (IPI) disk drives, the V/ 
IPI 4260 Cougar lets you meet the 
ANSI performance specs for IPI 
Level 2 (IPI-2). The Cougar has a 
bus-packet interface that is capable 
of transferring data in excess of 
36M bytes/sec—that’s 90% of the 
theoretical maximum rate defined 
by the ANSI spec. One board can 
control as many as eight drives with 
1:1 interleaving. The IPI disk 
drives currently provide transfer 
rates reaching 3M bytes/sec, and 
the next generation of IPI-2 drives 
are expected to offer transfer rates 
as high as 6M bytes/sec. 

Based on a 16-MHz 68020, the 
$4995 Cougar comes with a 256k- 


-64k-BYTE EPROM 


_ DMA CONTROL 


byte data buffer that you can ex- 
pand to 512k bytes. Using internal 
logical decoupling, the board segre- 
gates the processor/memory data 
path from its IPI-to-VME Bus data 
path. The board’s internal bus path 
is 82 bits wide for 8-, 16-, or 32-bit 
addressing and transfers. 

A data-streaming IPI mode 
speeds data transfers, and an inter- 
locked IPI mode simplifies com- 
mands and responses. Firmware 
minimizes the board’s use of VME 
Bus bandwidth. The board also ac- 
commodates VME Bus Sequential 
Mode transfers, and hardware 
switches let you select from four 
bus priority levels. 

A proprietary software interface 
creates individual work queues for 


TO IPI DEVICES 


LOCAL DATA BUS 


DYNAMIC RAM | 


— 64kx32-BITS 


 BUS-PACKET _ 
STATE MACHINE © 


VME BUS 


each of the IPI devices controlled 
by this board. Even drives with dif- 
ferent data rates can co-exist under 
the Cougar’s control. This capabil- 
ity reduces host-system overhead 
and boosts operating efficiency. 

A Unix-optimized caching algo- 
rithm provides zero-latency reads 
and writes. You can use software- 
programmable interrupt levels, 
vectoring, address modifiers, and 
DMA burst rates to boost your sys- 
tem’s performance. Error-correc- 
tion code and error-recovery tools 
ensure data integrity and seamless 
recovery from IPI device faults... 

—J D Mosley 

Interphase Corp, 2925 Merrell 
Rd, Dallas, TX 75229. Phone (214) 
350-9000. Circle No 722 


SLAVE MODE 
_ TRANSCEIVERS _ 


Controlling as many as eight IPI-2 disk drives at data rates reaching 10M bytes/sec, the V/IPI 4260 Cougar from Interphase Corp also 
sports intelligent features such as error correction and programmable address modifiers. 
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The creator’s setting the new standard. Again. 


Zilog’s NMOS SCC is the clearly established industry 
standard. Now our CMOS SCC, the Z85C30, brings you 
all the low power, low temperature, high reliability 
advantages of CMOS technology—and more. Off the 
shelf. It’s the new design and upgrade opportunity 
you’ve been waiting for. : 


Impressive performance. 


Along with the tremendous performance benefits 
of having an SCC in CMOS, you'll get greatly increased 
speeds. Maximum data rates of 2.5 Mb/sec, for example. 
And the on-board 10x19-bit status FIFO and 14-bit byte 
counter ensure high-speed SDLC transfer. Plus the CMOS 
SCC’s enhanced DMA support cuts your CPU overhead 
considerably, so you don’t have to babysit the device. 


Easy to design in. Pin compatible upgrade. - 

Zilog’s CMOS SCC easily interfaces to multiplexed 
or non-multiplexed microprocessors. The Z85C30 is 
function compatible—software compatible and pin 
compatible—with the industry standard NMOS SCC. 

So all you have to do is plug it in. 


Quality and reliability you can count on. 

Using Zilog’s advanced 2 micron CMOS manufac- 
turing process, we’re currently achieving better than 
100 PPM on the Z85C30. With over 4000v ESD protec- 
tion, the device has a very high immunity to EM1 and 
static-induced stress. And the CMOS SCC is available in 
MIL Standard 883C for even more reliability assurance. 


We wrote the book on SCCs. 


Zilog’s NMOS SCC is widely used by the industry’s 
top names in system manufacturing. Our original SCC 
literature is the book that much of rest of the industry 
has used as a source. We offer a full complement of sup- 
port materials including application notes and alist of 
detailed answers to the most commonly asked questions. 

We've got lots more to tell you about the CMOS 
SCC. Not to mention some other very exciting Zilog 
SCCs, including the soon-to-be-released SMART SCC and 
INTEGRATED SCC. All off the shelf and backed by Zilog’s 
proven quality and reliability. Enough said. Contact 
your local sales office or your authorized distributor 
today. Zilog, Inc., 210 Hacienda Ave., Campbell, CA 
95008, (408) 370-8000. 


Right product. Right price. Right away. Zilog 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 923-8500, IL (312) 885-8080, MA (617) 273-4222, 
MN (612) 831-7611, NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, 


W. GERMANY Munich (49) (89) 67-2045, JAPAN Tokyo (81) (3) 587-0528, HONG 
CANADA DISTRIBUTORS: Anthem Electric, Bell Indus., Hall-Mark Elec., JAN Devices, 
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KONG Kowloon (852) (3) 723-8979. R.O.C.: Taiwan (886) (2) 731-2420, U.S. AND 
Inc., Lionex Corp., Schweber Elec., Western Microtech., CANADA Future Elec., SEMAD. 
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PRODUCT UPDATE 


Packet communications controller IC 
includes USART and memory controller 


Combining a data-link controller 
(DLC), a universal synchronous/ 
asynchronous receiver/transmitter 
(USART), and a dual-port memory 
controller (DPMC) in a single IC, 
the Am79C401 Integrated Data 
Protocol Controller (IDPC) pro- 
vides a platform for intelligent 
ISDN, X.25, SNA, and LAN com- 
munication processing. You can use 
the IDPC in any network that oper- 
ates at speeds below 2.048 MHz and 
uses a packet protocol other than 
Bisyne. 


ADDRESS F 


ADDR 


DAT os 


RD 
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The IDPC reduces the host 
CPU’s overhead by providing bit- 
oriented communication processing 
for multiple protocols, direct regis- 
ter addressing, and a serial inter- 
face that accommodates as many as 
31 8-bit channels. The chip operates 
with zero wait-states when used 
with a 12.5-MHz 80188 pP. A 
power-down mode reduces the 
chip’s idle power consumption but 
maintains program data. 

The DLC provides the IC’s 
packet network interface, and the 


_CMBYTE 
_ RECEIVE FIFO ~ 


— 16-BYTE 
_ TRANSMIT FIFO. 


DATA LINK CONTROLLER (DLC) 


RECEIVE FIFO _ 


_ TRANSMIT FIFO 


é USART 
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CONTROL/STATUS REGISTERS 


: BAUD RATE GENERATOR 


USART gives the chip its terminal 
interface capability. The DPMC lets 
you build an inexpensive shared 
memory interface to your host sys- 
tem. Designed in conjunction with 
AT&T, the IDPC suits such appli- 
cations as terminal-to-mainframe 
communications, instrumentation 
and industrial control networks, 
point-of-sale terminal networks, 
and ISDN terminal adapters. 

The chip supports HDLC, SDLC, 
LAPB, LAPD, and DMI communi- 
cation protocols at a maximum data 


DRQ, 
DRQo 
DLCINT 


SBIN 

SCLK 
SFS/XMITCLK 
SBOUT 


SERIAL BUS | 
PORT I/F 


USARTINT 
USARTCLK 
RxCLK 
RxD 

TxD 

RTS 

CTS 

DTR 

DSR 


—USART I/F 


Suitable for use in ISDN, SNA, X.25, and local-area networks, the Am79C401 Integrated Data Protocol Controller (IDPC) includes a 
data link controller, a dual-port memory controller, a wP interface, and a universal synchronous/asynchronous receiver/transmitter. 
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Now a network analyzer 
and a spectrum analyzer 
in one box. From HP 


The HP 4195A Network/Spectrum 
Analyzer. It's the one tool you've been wait- 
ing for to make development and production 
testing of your analog devices easier, more 
flexible—and at half the price of equivalent 
dedicated analyzer solutions and less than 
other combination units. 

For the first time, you have a combi- 
nation analyzer with a balanced set 
of specifications for both vector network 
and spectrum analysis functions. And, 
if that weren't enough, you can use it for 
impedance analysis, too. 

The 10Hz to 500MHz range of the 
HP 4195A make it ideal for audio, base- 
band, HF VHF and IF applications. A 
unique feature is four-channel spectrum 
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measurement capability that accommo- 
dates four independent inputs. The unit 
features an internal flexible disk drive, color 
CRT. User Math, User Defined Functions, 
User Programs for customization—and it's 
softkey menu driven, making it extremely 
friendly. As usual, HP delivers value. 


Call 1-800-752-0900, Ext. B215. 


Ask for your free data sheet on the HP 
4195A Network/Spectrum Analyzer. Find 
out how we got network and spectrum 
analysis tools with balanced performance 
into one box for half the price. 


© 1988 Hewlett-Packard Co. EI15804/EDN 
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al \\ transfer rate of 2.048M bps. Certain 
HDLC Layer-2 functions are sup- 
packet length counting; Flag and 
Abort or Flag and Mark Idle gen- 
buffer and a 16-byte transmit FIFO 
buffer have programmable thresh- 
real-time constraints on software. 
The IDPC includes multiple ad- 
dress, and first- or second- byte ad- 
oo dress selection. You can access an 
The chip’s serial interface lets it op- 
erate either in a non-multiplexed or 
the chip receive as many as four 
sequential packets. 
a common interface to higher layers 
of software. You can buy the IDPC 
board, sells for $1750.—J D Mosley 
Advanced Micro Devices, Box 


ported in the chip’s hardware to re- 
duce software requirements: short- 
and long-packet checking; received- 
: eration and checking; bit-residue 
The Fastest y Most Cost-Effective handling; and zero-bit inserting and 
deleting. A 32-byte receive FIFO 
Way to Generate Sales Leads! 

olds and DMA handshake capabil- 
ity. The size of these buffers im- 
proves throughput and reduces 
dress recognition in the form of four 
programmable 8- or 16-bit ad- 
dresses, a hard-wired broadcast ad- 
_ — optional command/response bit de- 
tection feature, as well as local- and 
remote-loopback diagnostic modes. 
a 31-time-slot multiplexed mode. A 
eo __ Status-stacking mechanism im- 
Software for the Am79C401 in- 
cludes the $18 (100) Am79LLD401 
Low-Level Driver, which provides 
as a 68-pin PLCC or LCC device 
oo ad aoe for $20.52 (100). The ITC Board, a 
Sine a << —— plug-in PC-compatible evaluation 
3453, Sunnyvale, CA 94088. Phone 
(800) 538-8450. TLX 346306. TWX 

910-339-9280. 


With EDN Info Cards, you can turn a small investment into high-quality 
sales leads. 


Issued six times per year in loose-deck packs, EDN Info Cards are delivered 
to EDN magazine's U.S. circulation of 121,500 specifiers and buyers. Which 
means they deliver results! In fact, the average card in a deck pulls literally 
hundreds of prospects. 


Circle No 723 


You'll enjoy this steady, dependable source of qualified leads for less than 
1’2¢ per name. And because all inquiries come directly back to you, the 
faster you respond, the faster you get results. 


Used as an adjunct to an advertising /promotion campaign or all by them- 
selves, EDN Info Cards will generate the qualified leads you need to sell 
your products. 


For further information, contact Lauren Fox, EDN Info Cards Manager, 
at (203) 328-2580. 


* Numbers represent actual responses. 
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Introducing OmniLab 9240. 


Totally Integrated Scope-Analyzer-Stimulus. 


= Combine a100 MHz digital oscilloscope 
with a time-aligned, 200 MS/s 48-channel 

logic analyzer. Next add synchronized analog 
and digital stimulus generators. Then a 
remarkable new triggering system. What you 
have is the 9240 — a whole new class of 
instrumentation. Expressly designed to speed. 
challenging analog and digital analysis. And 

get you from concept to product faster. 


= The9240 is based on an innovative 

new instrument architecture that merges 
high-speed universal hardware and seamlessly- 
integrated software to create high-perfor- 
mance capabilities not available in separate 
instruments. Analog and digital traces are 
always time-correlated in a unique, single 
screen display. SELECT™ triggering bridges 
scope and analyzer techniques. And OmniLab’s 
stimulus generators can playback captured 
or edited signals. 


m tthe heart of the 9240 is SELECT 
triggering, the most straightforward and 
complete solution ever to triggering dilemmas. 
It’s one system, operating with synchronized 
analog and digital views of your data. By 
combining conventional oscilloscope and 
analyzer triggering with powerful RAM truth 
tables — plus min/max time qualification as 
needed — SELECT triggering helps you analyze 
hardware, debug software, and integrate 
systems more easily. 


= OmniLab™ is a generation ahead of con- 
ventional digital scopes that often hide rarely 
occurring faults because they only show you 
a few cycles out of millions. With its con- 
tinuous monitoring, you can use SELECT 
triggering to quickly catch every occurrence 
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OmniLab display demonstrates capture of an 


imbedded analog glitch (in top trace) with time-aligned 


presentation of the waveform’s digitized bit values 
(center) and numeric states. 


of rare events like metastable states, bus 
contentions, missing pulses, and buried noise 
glitches. 


= The9240 is like having a complete 
benchtop of instruments integrated with your 
PC/AT or compatible. Which you can easily 
customize for digital development, analog 
development, or a combination of both. 
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= With OmniLab, your productivity will 
soar. Because you achieve results with fewer 
instruments. And in fewer steps than ever 
before. By no means least, the 9240 delivers 
the best price/ performance you'll find any- 
where, costing just $8900 fully outfitted. 

And most importantly, without compromising 
a single high-performance spec. Not a one. 


= For more information, call toll free 


800/245-8500. In CA: 415/361-8883. 


Or write for complete literature. 
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702 Marshall Street, Redwood City, CA 94063 
TELEX: 530942 FAX: 415/361-8970 


Computer Integrated Instrumentation 


*OmniLab, and SELECT are trademarks of Orion 
Instruments, Inc. 
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DIGITAL SIGNAL PROCESSING 


SM5828 
< Video Shift Registor > 
8-bit word, 1 to 128 variable stages 
f clk = 20 MHz 
24PIN DIP 


SM5831F 
< Digital Video Filter > 
4 to 8-tap variable FIR S 
f clk = 15 MHz 
64PIN FPP 


SM5808 
< 8x 8-bit Multiplier > 
tmac =45nS 
48PIN DIP 


SM5810 
< 16 x 16-bit Multiplier > 
tmac =65nS 
64PIN DIP/68PIN PGA 


SM5804 
< Audio Digital Filter > 
Parallel In/Out, 2 Channels, 6OPIN 


SM5805 
< Audio Digital Filter >™ 
121st order filter, 2 channels 
28PIN DIP 


SM5814 
< Audio Digital Filter > 
Serial In/Out, 2 Channels, 24PIN 


SPECIAL FUNCTION 


SM6100 
< 8-bit A/D Converter > 
2.1 ps Conversion time 
No S/H required 
pP-bus compatible 
20PIN DIP 


PLL2001 

< PLL Frequency Synthesizer > 

fin = 2 ranges, 20 MHz & 200 MHz 
16PIN DIP 


SM6433 
< BWTV Camera Sync. Generator > 
NTSC or CCIR format selectable 
22PIN DIP 


SM8530B 
< Standard Bus Interface Decoder > 
Meets IEEE-488, HP-IB & GPIB 
40PIN DIP 


SM5130 

< PLLIC for Cordless Telephone > 

Fmax = 60MHz 
16/18PIN DIP 


NIPPON PRECISION CIRCUITS LTD. 
USA, Canada, Australia & Asia Operations 
c/o Seponix Corporation 

2151 O'Toole Ave., Suite L 

San Jose, CA 95131 U.S.A. 

TEL: (408) 922-0133 

FAX: (408) 922-0137 


TOLL FREE: 1-800-237-4590 
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PRODUCT UPDATE 


Digitizer resolves 500-MHz, 
single-shot transients to 1 1 bits 


Digitizers that can sample a wave- 
form 1.35 billion times/sec in real 
time are rare, yet you need them 
to capture single-shot transients 
whose duration is only a few nsec; 
equivalent-time sampling doesn’t 
work if a signal doesn’t repeat. The 
6880B/6010 captures these fleeting 
signals with a 500-MHz typ analog 
bandwidth; it can resolve amplitude 
variations to 11 bits—approxi- 
mately one part in 2000—and can 
provide 9.6 bits of “effective accu- 
racy” in a “sine-fit” test. This test 
produces a figure of merit that ac- 
counts for differential nonlinearity, 
noise, aperture uncertainty, and 
harmonic distortion. 

Using a charge-coupled-device 
(CCD) buffer, the 6880B/6010 cap- 
tures “snapshots” of the input sig- 
nal’s amplitude every 750 psec and 
applies them at a slightly lower rate 
to a flash A/D converter. The unit 
can store 10,000 digitized samples 
in its waveform memory. According 
to the vendor, the entire digitizing 
process appears to occur in real 
time. 

When you capture repetitive 
waveforms with the 6880B/6010, 
you get a bonus: Through signal av- 
eraging performed by a 68020 uP 
combined with a 68881 arithmetic 
coprocessor, the resolution im- 
proves to 14 bits—but the unit can 
average a maximum of only 330 
waveforms/sec. Besides averaging 
waveforms, the unit’s processors 
correct for all CCD-induced errors 
and systematic “noise”; they also 
control autocalibration to maintain 
the digitizer’s accuracy. You don’t 
have to have a computer to operate 
the digitizer; you can control opera- 
tion manually from the front panel. 


Coupled to a personal computer, this wave- 
form digitizer becomes a digital oscilloscope 
with a 500-MHz bandwidth for single-shot 
transients and 14-bit resolution for repetitive 
waveforms. 


To facilitate computer control, how- 
ever, the unit includes IEEE-488 
and RS-232C interfaces. 

To form single- or multichannel 
digitizing systems, as many as six 
6880B waveform digitizers team 
with a 6010 controller and fit in an 
8013 benchtop instrument chassis, 
or in a 1484A or an 8025 rack-mount 
“mainframe.” The vendor also pro- 
vides prepackaged configurations 
that include one or two digitizers, 
a controller, a benchtop chassis, an 
IEEE-488 cable, and PC-based os- 
cilloscope software. A single-chan- 
nel benchtop system of this type 
costs $20,450; a 2-channel version 
sells for $33,350. The price of the 
6880B alone is $14,500. 

—Dan Strassberg 

LeCroy Corp, 700 Chestnut Ridge 
Rd, Chestnut Ridge, NY 10977. 
Phone (914) 425-2000. TWX 710- 
077-2882. 
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AMD is introducing 17 low power 
CMOS FIFOs. 

They come in a broad range of speeds 
and densities. Even architectures for special- another and another. 
ized applications. 


And they're all available now. Advanced Micro Devices c1 


For more information write"CMOS FIFO” on your letterhead and mail to: PO. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 


Bruxelles (02-2) 771 91 42 * Hannover area (0511) 73 60 85 * Hong Kong (5) 8654525 * London area (04862) 22121 + Manchester area (0925) 828008 * Milano (02) 3533241 * Miinchen (089) 41 14-0 * Osaka (06) 
243-3250 « Paris (1) 49 75 10 10 * Seoul (02) 784-7598 * Singapore (65) 225 7544 * Stockholm (08) 733 03 50 * Stuttgart (0711) 62 33 77+ Taiwan (02) 7122066 « Tokyo (03) 345-8241 * Latin America, Fort Lauderdale, 
Florida/USA. Tel: (305) 484-8600 Tix: (510) 955-4261 amd ftl © 1988 Advanced Micro Devices, Inc. 
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Simplify your life 
with single source supply. 


THE MOST POWERFUL16-BIT 
SINGLE-CHIP MICROCOMPUTER. 


ffering higher integration, higher speed 
O and enhanced functionality, the V25 
meets more of your design needs. Which 
is why so many innovative designers are choos- 
ing the V25 for their 16-bit micro-based systems. 


0 High integration: programmable interrupt con- 
troller; 2-channel serial |/O port; three 16-bit 
timers; time-base counter and more. 

0 High speed: 16/32-bit temporary register/shift- 
er; 16-bit loop counter and prefetch pointer. 

O Enhanced interrupt handling: 8 programmable 
priority levels, hardware context switching for 
8 register banks; 8-channel macro service 
controller. 

0 Two stand-by modes: halt and stop. 


CoC Computers and Communications 


THE FIRST 2M-BIT CMOS EPROM. 


EC has just launched UV EPROMs into the 
N 2M-bit era. The new wPD27C2001D gives 

you 2M-bit capacity in a 256K x 8 organi- 
zation. High integration is complemented by high 
speed. With access times as fast as 150ns, our 
2M-bit devices eliminate wait states for your CPU. 
Programming is also fast at 100s per byte. 


The 4-byte page write mode multiplies program- 
ming speed. 


0 Organization: 256K x 8. 

0 Access time: 150/170/200ns. 

XC Power consumption: 30mA max/ 
6.7MHz operation; 100WZA max/ 
Standby. 

0 Programming: 100us/byte with 
0.1ms pulse at 12.5V; 4-byte/page 
write mode. 

0 Package: 32-pin 600 mil CerDIP | 
with JEDEC standard pinout. 


for fast answers, call us at: 


USA Tel: 1-800-632-3531. TWX:910-379-6985. 
W. Germany Tel:0211-650302. Telex:8589960. 


Sweden Tel:08-753-6020. Telex:13839. 
France Tel:1-3946-9617. Telex:699499. 
The Netherlands Tel:040-445-845. Telex:51923. {aly Tel:02-6709108. Telex:315355. 
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hen you're buying semiconductors, multiple vendors can cause 
major mixups. To simplify everything, build a committed single-source 
relationship with one supplier: NEC. 

We're the world’s largest semiconductor manufacturer. We offer the in- 
dustry’s broadest lineup. The technology and quality of our components 
have made us an international leader in computers, communications and 

| home electronics. 
| How do you get volume, variety, on-time delivery and applications 
support across the full spectrum of your semiconductor needs? It’s simple. 


~ THE FASTEST 4K-BIT ECL RAM. FAST AS A FLASH: 1M-BIT 
| : DUAL-PORT GRAPHICS BUFFER. 
R ead and write speeds are the critical param- 


| eters for ECL RAM performance. NEC has N EC’s new megabit dual-port buffer chip is 


cut access time to 5ns and write cycle time 


| designed for super fast graphics processing. 
— to 7ns with our new ultra-fast 4K-bit ECL RAMS. 


A unique “Flash Write’ function clears the 


_ How did we boost performance that high? screen in a flash. The 256K x 4 RAM port allows 
w By using super-shallow __ bit write and fast page mode for high-speed bit 
- junction transistors, operations. The 512 x 4 serial port operates at 
trench isolation tech- clock speeds up to 33MHz to handle high 
nology and Schottky resolution graphics. To add value to your image 


diode clamp-type mem- ___ processing system, design-in our wPD42274. 


ory cells. Both ECL 10K 
(uPB10474A) and 100K CL) Speed: RAS access — 100/120ns; CAS access — 


(uPB100474A) interface 25/30ns; serial read cycle — 30/40ns. 
devices are available. CD Power consumption: stand-by—3mA; random 
read/write (serial port active) — 100/90mA. 

0 Organization: 1K x 4. DF Package: 28-pin 400 mil ZIP and SOJ.* 

0 Access time: 5/7ns. | 3 der development. 

XO Power consumption: 1.2W. 

CO Package: 10K — 24-pin ceramic DIP; 100K — 
24-pin ceramic DIP/QFP. 

0 Broad line of other ECL RAMs available: from 
1K to 16K-bits; supplied in a diversity of organi- 
zations and speeds. 


UK Tel:0908-691133. Telex:826791. Singapore Tel:4819881. Telex:39726. 
Hong Kong Tel:3-755-9008. Telex:54561. Australia Tel:03-267-6355. Telex:38343. 
Taiwan Tel:02-522-4192. Telex:22372. 
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Making this socket for automatic placement 
stumped the competition. 


The RN "Partners 
in Quality Team” 
delivered precision 
sockets that made 
automatic assembly 
possibdie! 


ae 


Some Companies Prefer 
Te Preach Quatity, 


-Amoco’s three 
new microlasers 
are making the 
competition 
see green. 


© 1988 Amoco Laser Company 


’ standard 
"green 

» microlasers, ‘ 

— the ALC 532 Series, are 

~ designed for use in applications 

© such as pointing and display 

© where excellent beam quality is 

© essential, but low noise and high 


| Three new, green-light microlasers 
"are being introduced by Amoco 

) Laser. The 1-3/4’ diameter by 4’ 

’ longlaser heads produce green 

© lightin the 1 mW/ to 15 mW range. 


Major applications for these 


"lasers include reprographics, 
_ color separation, and : 
” spectroscopic , 

/ instrumen- 
’ tation. 
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Stability are not required. The 
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designed for use in film scanning, 
color separation, and laser-based 
Instrumentation for spectroscopic 
and scientific applications. 

And the ALC 532SF Series, with 
single-frequency output, a fraction 
of a percent RMS noise, and 
exceptional long-term stability, 
will find use in interferometry, 

holography, and a variety of 

specialized research and 
development applications. 
| For more information, 
~~ write us. We have 
prepared material, 
~~ Including a video tape, 
that more thoroughly examines 
the technology and uses of 
Amoco’s entire family of microlaser 
products. Just write Amoco Laser 
Company, 1251 Frontenac Road, 
Naperville, IL 60540. Or 
phone our marketing group at 
(312) 961-8400. 


& 


Amoco Laser Company 
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It YourGTR 
Modules Dont Have 


This Name, Youre 
ng loo 


‘Toshiba giant transistor modules are 
made with an exclusive automated wire 
bonding process. This gives them superior 
thermal cycling capability and also assures 
uniform, consistent quality — lot to lot 
and piece to piece. 

Which means that they are not as 
prone to failure as the hand-soldered 
kind. And that means you won't be re- 
placing them as often. So you buy fewer 
of the Toshiba GTRs. And save a lot of 
money. Not to mention the savings from 
reduced down time. 

Talk to Toshiba for design-in assist- 
ance for heavy duty applications such as 
robotics, numerical control machines, 


) 


Many 


uninterruptible power supplies, welding 
machines and induction heating devices. 

In addition to greater reliability, 
‘Toshiba also offers the most complete line 
in the industry. Available in both the 
‘Toshiba original package or the wide 
TO-240 package within a broad range 
of ratings: 


BIPOLAR 
Darlington 1,2, 40r6 450 to 1400V 10 to 400A 


MOSFET 150t0450V | 8to50A 
MOS Gate 

Insulated Gate 

Bipolar (IGBT) 500 to 1000V | 15to400A 


TOSHIBA AMERICA, INC. 


TOSHIBA AMERICA, INC., Semiconductor Products Division Headquarters, 9775 Toledo Way, Irvine, CA 92718 (714) 455-2000. Regional Sales Offices: Western Region, (714) 455-2000; 
Central Region, (312) 945-1500; Northeastern Region, (617) 272-4352; Southeastern Region, (404) 368-0203. Distributed by: Marshall Industries, Cronin Electronics, General Components, Inc., 
Goold Electronics, ITT/Multicomponents, RAE Electronics (Canada only), Image Electronics, Ital Electronics, JACO Electronics, Reptron Electronics, Sterling Electronics and Western Microtechnology. 
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SPD-88-001 


David Shear, Regional Editor 


til now, DSP users have had to muddle 
/ | through the selection process to find the right 
DSP chips for their designs, primarily be- 
cause no comprehensive benchmark study has existed 
to guide them. To fill this need, EDN canvassed manu- 
facturers and users, and then standardized some com- 
mon benchmarks, and compiled and analyzed the re- 
sulting data on 18 general-purpose DSP ICs and 12 
benchmarks. But in order to use these benchmarks, 
you've got to understand the overall evaluation proc- 
ess. And understanding that process is a bit like fath- 
oming a Chinese puzzle. Neither one is an easy task. 


Solving the evaluation puzzle takes time 
Benchmarks are often misused and abused. They’re 
cited out of context. Or they’re considered in isolation 
from other design requirements. How a DSP performs 
in a benchmark, however, is just one piece in the evalu- 
ation puzzle. Other considerations are sometimes even 
more important. You need to figure out how speed 
relates to the other pieces of the puzzle, that is, how 
other design requirements, like cost, development 
tools, application aid, and ease of programming, inter- 


relate (see box, “Evaluating DSPs: A worksheet”). 


What’s more, you need to sort out just how the bench- 
mark code affects the results. All in all, you’ll probably 
find the evaluation puzzle is a fairly intricate problem, 
which you must view thoroughly and carefully from 
many different angles to resolve it intelligently. 

EDN has done benchmarks before. Our 1981 bench- 
mark survey caused something of a stir. Reader re- 
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sponse was heavy and positive. In response to some 
manufacturers’ criticisms, we published a follow-up ar- 
ticle that re-presented the results and proposed the 
“Three Not-so-golden Rules of Benchmarking”: 
@ Rule 1—All’s fair in love, war, and benchmarks. 
@ Rule 2—Good code is the fastest possible code. 
@ Rule 8—Conditions, cautions, relevant discus- 
sion, and even actual code never make it to the 
bottom line when results are summarized. 
And these rules still ring true today. 
The third rule is especially important. We uncovered 
a tremendous amount of information during the process 
of gathering these benchmarks. Such a wealth of infor- 
mation makes contriving the conclusion you want mere 
child’s play. But you can’t reduce a benchmark to just 
one number. (Remember this third rule if you come 
across any condensed interpretations of our work.) 


Why look at benchmarks at all? 

When you’re trying to decide which DSP to use in 
your design, raw speed is nevertheless a good place 
to start, and benchmarks are an excellent index to 
that speed. However it’s also important to know the 
conditions under which the benchmark was run. Thus 
for each benchmark, you must be familiar with the 
exact specifications and the code in order to understand 
what the bottom line really means. 

Starting last January, we asked DSP users about 
the types of applications they were designing. We also 
invited the major manufacturers of DSPs to submit 
their own descriptions of benchmarks sets. Initially, 
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Finally, a comprehe 
_ ICs. EDN solicite 
_ benchmarks on 18 general-purpos 


' 
; 
j 
; 
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Although EDN’s benchmarks often place some DSP chips above others in levels of performance, you need to know how the results were 
reached and what the benchmarks mean in the context of other design requirements, when you're piecing together the evaluation puzzle. 


(Photo courtesy Texas Instruments) 
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A worksheet 


ing DSPs 


Evaluat 
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we selected 15 benchmarks for their resemblance to 
various typical applications. We then distributed the 
final specifications to all of our DSP manufacturers, 
and we asked them to respond within two months. 

The final set of benchmarks include six filters: 20, 
64-, and 67-tap FIR filters, along with three different 
8-pole IIR filters. All of the filters programs acquire 
data from an analog-to-digital converter and send the 
results to a digital-to-analog converter. The IIR filters 
are based on two separate difference equations. The 
canonic type of IIR filter (also known as Direct Form 
II) is based on the standard difference equation. This 
type of filter normally requires five multiplications. 
It’s possible, though, to divide all of the coefficients 
in each section by the coefficient bjg of that section. 
This operation eliminates one of the multiplications— 
because it isn’t necessary to multiply by 1— thus mak- 
ing the 4-multiplication canonic IIR filter possible. The 
transpose type of IIR filter (also called Direct Form 
I) is a variation on the standard difference equation. 

Not all of the filter benchmarks apply to every DSP 
chip. The 4-multiplication canonic IIR filter, for exam- 
ple, reduces the number of multiplications the DSP 
must perform but it creates more complex scaling prob- 
lems. It’s extremely difficult to use this algorithm on 
a 16-bit fixed-point machine, because you run out of 
resolution. Higher fixed-point resolution, such as the 
24-bit Motorola DSP56000/1, can more easily exploit 
this algorithm. And floating-point DSPs have plenty 
of resolution, so the 4-multiplication canonic IIR filter 
is the algorithm of choice for those machines. 

The three math benchmarks include a simple dot 
product and two matrix multiplications: a 2x2 times 
a 2x2, which results in a 2X2, and a 3X3 times a 
3X1, which results in a 3X1. 


The FFT: Useful but abused 

The FFT is possibly the second most abused bench- 
mark (the lowly MIP has the dubious distinction of first 
place). Over the years, marketers have corrupted the 
meaning of “the FFT” by arbitrarily touting FFT 
benchmark results for the DSP-of-the-month without 
specifying which FFT, or exactly what code, they are 
talking about. There are as many different FFTs as 
there are engineers using them, and every application 
has its optimized FFT version. Indeed, some experts 
spend considerable time shaving just one more instruc- 
tion off an FFT. 

At any rate, no set of DSP benchmarks is complete 
without at least one FFT. Originally, we specified six 
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The most common architecture for DSPs, the Harvard architecture, 
has separate program and data memory and buses. The ADSP- 
2100A from Analog Devices brings these memories off of the chip 
and keeps them separate. Many other DSPs have separate memories 
on the chip but have to use a common memory when using external 
memory. 


of those algorithms. Later, we deleted three of them 
(64-, 256-, and 1024-point real-input complex FF'T's) 
from this survey because of wide variations in the algo- 
rithms used and because of differing interpretations 
of the specification. Motorola and TI, for example, both 
used an optimized FFT that accepts real input and 
provides complex data (Ref 3). Other companies used 
a straight complex FFT (they inserted a 0 for the 
imaginary data as the real data was acquired). This 
discrepancy made a true comparison impossible. The 
code and results for these three benchmarks are, how- 
ever, available on disk along with all of the other bench- 
marks and the results (see box, “To order you own 
DSP disks... ”). 

We intentionally made the FFT specifications vague 
because excessively restrictive ones might favor one 
DSP over some others. Certain architectures are, after 
all, better suited to optimize certain algorithms. But 
even this strategy didn’t please everybody. TI’s appli- 
cation experts thought the specifications were too 
vague; they prefer distributing complete Fortran pro- 
grams, on which programmers would then base their 
DSP code. In contrast, the application experts at Mo- 
torola thought the specifications were too restrictive. 
They recommend that future benchmark specifications 
should just define the type of input and the type of 
output desired (in this case, a 16-bit ADC and complex 
data, respectively). 

The benchmarks in this survey aren’t intended to 
test the limits of the DSPs’ capabilities but to reflect 
typical application needs. TI thought that the final 
specifications for the benchmarks were too simple. 
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applications. — 


They submitted a 256-tap filter and a 15x15 matrix 
multiplication. But applications for these kinds of algo- 
rithms are rare. Furthermore, it’s hard to interpret 
the results of a very complex benchmark for different 
applications. For those who may have a use for such 
complex applications, however, the code for these pro- 
grams is in the disk set. 

Most of the EDN benchmarks fit within the internal 
memory of the DSPs. Depending on the processor ar- 
chitecture, using external memory can slow speed. For 
the most part, DSPs get their high speed by using 
parallel data paths. If you use external memory but 
the parallel data paths remain on chip, the processor 
must wait for the completion of the serial access, much 
the same way a standard pP uses sequential memory 
accesses. Development tools often use external mem- 
ory to operate. If this is the case, you may not be able 
to run the DSP at full speed during the development 
stage. 

We decided to present the comparative-benchmark 
results in bar charts (they start on pg 136). Bar charts 
allow for easy and broad comparison: Differences of 5 
to 10% aren’t very obvious, but small differences are 
really not important. On the other hand, differences 
of 50 to 100%, which do matter, are readily apparent. 
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Any given length of execution time requires some 
memory, so we put both values in the result charts for 
easy comparison. 3 

EDN specifically defined the execution time and 
memory for the participating manufacturers as follows: 
“The execution time is the time it takes to execute the 
given benchmark. This does not include the time it 
takes to initialize the system or create lookup tables. 
It does include the time to initialize those items (regis- 
ters, pointers, etc) that are required each time the 
routine is run. 

“The total memory required is the total number of 
words that the program requires. This includes execut- 
able code, initialization code, filter coefficients, delay 
data, twiddle factors, but-reversal look-up tables, and 
any other item that consumes some of the available 
memory resources of the DSP.” 


Hints from the experts can help 

We’ve included the verbatim benchmark outline just 
below each of the 12 bar charts that compare the 18 
products. The actual code that the companies used to 
determine the results is available on disk (see box, 
“To order your own DSP disks... ”). This set of nine 
disks contains more than 2M bytes of optimized DSP 
code for filters, matrix math, and FFTs. Having avail- 
able the programming techniques that the optimization 
experts use can be helpful during the development of 
programs for your specific applications. Some of the 
DSP manufacturers have also made the code that they 
submitted for this survey available on their bulletin 
boards. Complete and exact results, some with six dig- 
its of significance, are available on the disk set. 

We divided the DSPs into three groups: fixed-point, 
floating-point, and future devices. The last group in- 
cludes any DSPs not yet committed to silicon on July 
1, 1988 (the deadline for the submission of the results). 
Consequently, some of these so-called future DSPs are 
now available. For instance, a few weeks after our 
deadline, SGS-Thomson started offering working sili- 
con for the ST18930/31 and ST18940/41, which are in 
our group of future devices. So refer to the date of 
working silicon in the DSP profiles that begin on pg 
142, and contact the manufacturers for availability up- 
dates. 

The DSP profiles provide some background on the 
18 devices covered in this survey. For more detailed 
information, see EDN’s DSP Chip Directory (Ref 4) 
or contact the manufacturer directly. The prices pro- 
vided in the profile are for low quantities (singles and 
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There is more to the evaluation of a DSP than performance. The 
availability of software and hardware tools, like these from Mo- 
torola, are also very important. Make sure you consider all the 
pertinent design requirements when selecting your next DSP. 


100s). Larger-quantity prices can differ substantially: 
For example, the TMS320C30 costs $1300 in single 
quantities. By 1990, this part will cost $100 in quanti- 
ties of 10,000. 

A bar chart of relative speed accompanies each DSP 
IC profile. For each benchmark, we determined the 
slowest execution time, and then we compared each 
of the other DSPs with this slowest rate on a percent- 
age basis. Therefore, the slowest execution time for 
any of the benchmarks represents 100%, and all other 
DSPs have lower numbers, reflecting their faster 
rates. For the most part, the DSPs with the slowest 
execution times are first-generation devices. These 
speed profiles thus offer some historical perspective 
and show how much newer devices have improved upon 
the older ones. Not all DSPs have results for each 
benchmark. Some manufacturers chose not to submit 
all benchmarks; others we had to disallow. 

Each profile also contains the word size, format, and 
accumulator size for the DSP. The word size ranges 
from 16 to 32 bits; the format is fixed or floating point; 
and the accumulator size ranges from 22 to 96 bits. 

The multiply-accumulate (MAC) time of a DSP as 
presented in the profiles is the time it takes the DSP 
to perform a MAC when the pipeline is full, not the 
MAC time from beginning to end. Most algorithms are 
developed to take advantage of pipelined MACs. 

The results of the benchmarks don’t reflect the preci- 
sion of any of the DSPs. A fast 16-bit fixed-point device 
doesn’t have the precision of a 24-bit fixed-point device. 
A 16-bit fixed-point number has a dynamic range of 
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96 dB while the 24-bit fixed-point number has a 144-dB 
dynamic range. The 32-bit floating-point devices have 
the highest precision with more than 1500 dB of dy- 
namic range. 

The size of the accumulator can also influence preci- 
sion. Many algorithms use a multiply/accumulate se- 
ries, where the results of the multiplications are added 
to what is already in the accumulator. The larger the 
accumulator is, the more times you can add results 
without encountering scaling problems. For example, 
the ADSP-2100A from Analog Devices is a 16-bit de- 
vice with a 40-bit accumulator. This architecture allows 
two hundred fifty-five 32-bit results from the multiplier 
to be added to the accumulator without the possibility 
of an overflow. 


Tests bypass ease-of-programming issue 

Like precision, ease of programming is an issue these 
benchmarks don’t address directly. The DSPs’ highly 
parallel architectures and the complex addressing 


modes make high-speed operations possible, but they 


also make programming more difficult. When many 
memories are operating in parallel, it’s impossible to 
include all the addresses in a single-word instruction. 
Consequently, you must use address registers to point 
to the desired memory locations. 

A quick look at the code for three of the DSPs reveals 
a complex and foreign syntax for those of us familiar 
only with programming wPs (Listing 1). The complex- 
ity of the code stems partly from the parallelism of the 
devices, partly from capability of the DSPs to 
postmodify (that is, to modify the address registers 
after the execution of the instruction). By postmodify- 
ing, the processors point to the appropriate memory 
locations for the next instructions. 


Filters are MAC-intensive | 

Filters rely on MAC operations heavily, so the 
benchmark results of the filters mirror the MAC times 
(Fig 1). DSPs are optimized for filtering algorithms. 
For each tap of an FIR filter, the processor must fetch 
an instruction, fetch the appropriate delay data, fetch 
the appropriate coefficient data, multiply the data, add 
the result to the accumulator, and shift the data in the 
delay data line—all in a single cycle. This sequence of 
operations in a single cycle is possible only when the 
pipeline is full. 

The results in the comparative benchmark charts 
specify not the sample rate but the sample period (that 
is, the execution time of the filter program). To deter- 
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EDN’s benchmarks don’t address 
either precision or ease of program- 
ming directly. | 
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mine the maximum sample rate that each device can 
achieve, take the inverse of the execution time. Some 
manufacturers used in-line code (instead of looping) for 
those devices that do not have low overhead looping. 
The memory these filters consume is relatively small, 
so the sacrifice in longer program size for in-line code 
is not really significant. 


Programmers tried to reduce memory use 

The programmers used various methods to minimize 
the memory required while using in-line code to keep 
the speed high. The code for the DSP320C10 from 
Microchip Technology uses an immediate-multiply in- 
struction. This instruction limits one of the operands 
to 13 bits. Those coefficients that need the full 16-bit 
word are loaded into RAM during initialization. Those 
that only need the lower 18 bits of the 16-bit word use 
the immediate-multiply instruction and do not consume 
available RAM. In fact, they don’t take any extra mem- 
ory at all, because these coefficients are embedded in 
the multiply instruction. The only difference in this 
approach from other filter implementations is the 
amount of memory consumed. On the 64-tap FIR filter, 
the DSP320C10 uses only eight 16-bit coefficients out 
of the required total of 64. If all 64 coefficients required 
16-bits, the total memory needed would jump from 178 
to 234 words. 


Some DSP chips needed help 

Not all of the DSP chips were capable of performing 
all of the benchmarks without the assistance of some 
external logic (in addition to external memory, ad- 
dresses, decoders, and buffers). The TMS320C10 and 
the DSP320C10 both require external address counters 
to accomplish the larger FFTs; they both set those 
address counters via I/O. Then, each time external 
memory is used, the counter automatically increments 
its address to prepare for the next operation. This is 
a valid approach since these devices have limited inter- 
nal data memory and can’t access any external data 
memory directly. The cost of a couple of address count- 
ers is minimal, but don’t forget their presence when 
considering these devices for use in calculating large 
FFTs. For all of the FFTs, the »PD77C25 needs the 
help of an external DMA controller to move data into 
and out of the DSP. 

Three processors performed significantly better on 
the FFTs then they did on the other benchmarks, and 
these three also have faster relative speeds for the 
FFTs. Both SGS-Thomson and Motorola admitted that 
they have tuned their architectures to perform FFTs 
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Fig 1—The multiply-accumulate (MAC) times for the DSPs match 
the execution times for the filters. Filters, after all, are largely a 
series of MACs. 


quickly. SGS-Thomson’s ST18940/41 has a complex 
MAC instruction that executes in two cycles. It also 
has on-chip bit-reversal and three on-chip data memo- 
ries. The Motorola DSP56000/1 and DSP96001/2 also 
have three separate memories and hardware bit- 
reversal. They also have special instructions (ADDR, 
ADDL, SUBR, and SUBL) written specifically for 
FFTs. 


Software can improve the results 

The programmers who wrote the code for these 
benchmark tests naturally tried to shrink execution 
time whenever possible, particularly in the FFT appli- 
cations. Some used straight-line code. The 
TMS320C2X, for example, uses 23,636 words of mem- 
ory for the 1024-point FFT benchmark. Although this 
memory size is somewhat impractical, straight-line 
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code often results in the fastest code possible. 

Often, one loop contains all of the passes for an FFT, 
and the code treats all the passes alike. Some of the 
programmers split up the passes of the FFT, shorten- 
ing the execution time of the first two and the last two 
passes. This short cut is possible because some of the 
coefficients are known to be 0 or 1. You can remove 
such trivial MACs because you know what the result 
of multiplying anything by 1 or 0 is before you do it. 
In the case of the DSP96002, the programmers short- 
ened the execution time of the 1024-point FFT from 
2.31 to 1.55 msec—a 33% improvement. 

We didn’t consider such coding short cuts illegal. 
But remember that not all DSPs can take advantage 
of all of the programming techniques that exist to speed 
up an algorithm. So you can’t assume that all DSPs 
can achieve similar speed increases. 


You can program purely for speed 

The TI TMS320C1X performed amazingly well in 
the 64-point F FT—it performed so well, in fact, that 
it provides the perfect example of the impact of coding 
variations on benchmark results, especially for DSPs 
running FFT programs. The Microchip Techonology 
DSP320310 is basically the same as the TI device, and 
it has the same cycle time; but a different programmer 
at a different company programmed it. As a result, 
the performances of the two chips differ quite a bit: 
The TMS3820C1X executes the 64-point FFT in 0.46 
msec; the DSP320C10 takes 1.58 msec. Thus, the TI 
program is more than three times faster than the one 
from Microchip Technology. On the other hand, a quick 
check of the total memory required reveals that the 
TI program needs 3816 words, more than 16 times as 
many as the Microchip version, which needs only 233. 

TI uses all of the tricks in the book to increase the 
speed of the 64-point FFT benchmark: straight-line 
code, four different types of butterflies to take advan- 
tage of trivial MACs, a lookup table for bit-reversal, 
and more. The resultant code is very fast, but it might 
not be useful in many real-world applications. This 
limitation does not mean that you should dismiss the 
results at first glance, but you should consider how 
well the programming techniques fit your application, 
and not embrace it on the basis of its speed alone. 

With more than 20 general-purpose DSPs to choose 
from, you have, in some ways, a more difficult task 
than ever when you need to evaluate some DSPs for 
a new design. In the past, word size and format af- 


134 


fected the speed of the device and therefore limited 
your choices, but the days of having to sacrifice per- 
formance if you choose to use a floating-point DSP are 
over. You still have to sacrifice the cost of the system 
because the fast floating-point devices are still rather 
expensive. Of course, the prices for all DSPs should 
go down in the next few years, so price per se will 
become less of an issue. 

In any event, you should weigh these benchmarks 
and profiles carefully, evaluating them in the light of 
your needs, and comparing the DSPs to each other 
on various aspects of their performances. Speed isn’t 
everything. If you are predominately using the DSP 
for filter applications, the speed at which a DSP can 
execute an FFT is probably irrelevant. Those of you 
looking for simple answers may well be disappointed. 
We don’t have any, for in trying to find the optimum 
DSP IC, the bottom line just doesn’t tell the whole 
story. In fact, it leaves a lot of important pieces out. 
In the end, there really are no winners in our DSP 
survey—only, we hope, a DSP evaluation process made 
more enlightened by our efforts. 
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CM78P delivers wide 90dB dynamic 
range with ultra-low -88dB THD + Noise. 


Our new PCM78P 16-bit A/D converter has 
been specifically designed and tested to 
excel in dynamic applications. 


Ideal for digital audio and DSP 

PCM78P provides exceptional dynamic 
performance. . .4us conversion time with 
-88dB THD+N for example. . .at 
significantly lower prices than ever before 
possible. It’s an excellent choice for 
applications ranging from professional 
digital audio equipment, frequency 
synthesizers, and digital reverbs to high 
performance modems and FFT-based 
spectrum analyzers. 
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Key PCM78P Features 
m 16-bit resolution 


m 4us conversion time 
m 90dB dynamic range 


m 100% tested and guaranteed 
specifications 


@ optional demonstration board 
simplifies evaluation tasks 


mw short cycling, dual serial readout, 
external or internal clocking, other 
features increase design flexibility 


m 28-pin plastic DIP, 0/+70°C temp range 
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PCM78P is almost a “drop-in” part; no 
external trimpots or reference needed, easy 
interfacing via the serial port and on-board 
latch. And its fast 4us conversion time 
allows oversampling, reducing the 
complexity of antialiasing filters. 

Your Burr-Brown sales office has complete 
details, including samples and the detailed 
product data sheet. Or contact 
Applications Engineering, 602/746-1111 for 
immediate action. 


Burr-Brown Corp., P.O. Box 11400, 
Tucson, AZ 85734 
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BENCHMARK 1 
20-TAP FIR FILTER 
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This benchmark is a Finite Impulse Response (FIR) 
filter routine that takes data from an external parallel 
port, filters the sample, and then sends the result 
to a different external parallel port. This is a 20-tap 
filter. The data will enter the DSP via an external 
parallel port and leave via a different external paral- 
lel port. An external parallel port is defined as a 
parallel port that is not located on the DSP chip. 
Assume that the external data converters are 16 
bits and are able to convert faster than your DSP 
can complete the filter. No polling of the ADC is 
necessary; it will have the next sample when you 
need it. The filter characteristics are not important. 
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BENCHMARK 2 
64-TAP FIR FILTER 
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This benchmark is a Finite Impulse Response (FIR) 
filter routine that takes data from an external parallel 
port, filters the sample, and then sends the result 
to a different external parallel port. This is a 64-tap 
filter. The data will enter the DSP via an external 
parallel port and leave via a different external paral- 
lel port. An external parallel port is defined as a 
parallel port that is not located on the DSP chip. 
Assume that the external data converters are 16 
bits and are able to convert faster than your DSP 
can complete the filter. No polling of the ADC is 
necessary; it will have the next sample when you 
need it. The filter characteristics are not important. 
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BENCHMARK 3 
67-TAP FIR FILTER 
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This benchmark is a Finite Impulse Response (FIR) 
filter routine that takes data from an external parallel 
port, filters the sample, and then sends the result 
to a different external parallel port. This is a 67-tap 
filter. The data will enter the DSP via an external 
parallel port and leave via a different external paral- 
lel port. An external parallel port is defined as a 
parallel port that is not located on the DSP chip. 
Assume that the external data converters are 16 
bits and are able to convert faster than your DSP 
can complete the filter. No polling of the ADC is 
necessary; it will have the next sample when you 
need it. The filter characteristics are not important. 
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8-POLE CANONIC IIR FILTER (4X) 
(DIRECT FORM Il) 
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This benchmark is an Infinite Impulse Response (IIR) 
filter routine that takes data from an external parallel 
port, filters the sample, and then sends the result 
to a different external parallel port. This is an 8-pole 
filter made by cascading 2-pole canonic biquad sec- 
tions using the 4-multiply technique. The data will 
enter the DSP via an external parallel port and leave 
via a different external parallel port. An external par- 
allel port is defined as a parallel port that is not 
located on the DSP chip. Assume that the external 
data converters are 16 bits and are able to convert 
faster than your DSP can complete the filter. No 
polling of the ADC is necessary; it will have the 
next sample when you need it. The filter characteris- 
tics are not important. 
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BENCHMARK 5 
8-POLE CANONIC IIR FILTER (5X) 
(DIRECT FORM Il) 
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This benchmark is an Infinite Impulse Response (IIR) 
filter routine that takes data from an external parallel 
port, filters the sample, and then sends the result 
to a different external parallel port. This is an 8-pole 
filter made by cascading 2-pole canonic biquad sec- 
tions using the 5-multiply technique. The data will 
enter the DSP via an external parallel port and leave 
via a different external parallel port. An external par- 
allel port is defined as a parallel port that is not 
located on the DSP chip. Assume that the external 
data converters are 16 bits and are able to convert 
faster than your DSP can complete the filter. No 
polling of the ADC is necessary; it will have the 
next sample when you need it. The filter characteris- 
tics are not important. 
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This benchmark is an Infinite Impulse Response (IIR) 
filter routine that takes data from an external parallel 
port, filters the sample, and then sends the result 
to a different external parallel port. This is an 8-pole 
filter made by cascading 2-pole transpose biquad 
sections. The data will enter the DSP via an external 
parallel port and leave via a different external paral- 
lel port. An external parallel port is defined as a 
parallel port that is not located on the DSP chip. 
Assume that the external data converters are 16-bits 
and are able to convert faster than your DSP can 
complete the filter. No polling of the ADC is neces- 
sary; it will have the next sample when you need it. 
The filter characteristics are not important. 
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This benchmark will perform a dot product of two 
vectors and give a scaler result. Each vector will 
be represented by two points in 2-D (x,y). The origi- 
nal vectors will already be in memory and the result 
will go to memory. The vectors can be destroyed 
during the calculation. 
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This benchmark will multiply one matrix by another. 
Assume that both matrices are already in memory 
and the result will go to memory. The original mattri- 
ces can be destroyed during the multiplication. The 
routine performs a matrix multiplication on a 2x2 
matrix multiplied by a 2 x 2 matrix. 
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This benchmark will multiply one matrix by another. 
Assume that both matrices are already in memory 
and the result will go to memory. The original matri- 
ces can be destroyed during the multiplication. The 
routine performs a matrix multiplication on a 3x3 
matrix multiplied by a 3x 1 matrix. 


1. These DSPs need external address counters 
in order to access the external memory required to 
perform this benchmark. 

2. This DSP needs an external DMA controller in 
order to access the external memory required to 
perform this benchmark. 

3. The TMS320C15-25 was used for this bench- 
mark. 
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This benchmark will perform a complex, radix-2 FFT 
with complex data that is already available in mem- 
ory. The FFT’s results will be a set of complex values 
with bits in normal order (include bit reversal in the 
benchmark). The routine may destroy your original 
data during the processing tasks. The size of this 
FFT is 64-point. Precalculation of coefficients and 
lookup tables are allowed but their size must be 
included in the memory size. For example, if you 
use a lookup-table algorithm for bit-reversal, the 
number of words occupied by the lookup table must 
be included in the memory size you report. 
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This benchmark will perform a complex, radix-2 FFT 
with complex data that is already available in mem- 
ory. The FFT’s results will be a set of complex values 
with bits in normal order (include bit reversal in the 
benchmark). The routine may destroy your original 
data during the processing tasks. The size of this 
FFT is 256-point. Precalculation of coefficients and 
lookup tables are allowed but their size must be 
included in the memory size. For example, if you 
use a lookup-table algorithm for bit-reversal, the 
number of words occupied by the lookup table must 
be included in the memory size you report. 
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This benchmark will perform a complex, radix-2 FFT 
with complex data that is already available in mem- 
ory. The FFT’s results will be a set of complex values 
with bits in normal order (include bit reversal in the 
benchmark). The routine may destroy your original 
data during the processing tasks. The size of this 
FFT is 1024 points. Precalculation of coefficients 
and lookup tables are allowed but their size must 
be included in the memory size. For example, if you 
use a lookup-table algorithm for bit-reversal, the 
number of words occupied by the lookup table must 
be included in the memory size you report. 
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Analog Dev 


Word Size: Format: Accumulator Size: ge Time: MAC Tim 

16 bits Fixed 40 bits 100 nsec 80, 100 nsec 
Memory: internal/external 

Program: Data: 

O/16k X 24 0/16k X 16 and 


16k X 16/24 in program space 


Cost (single/100s): Date sn Senet working silicon: 
$411/$164 (80 nsec) Nov, 


ATE T WS a 6-55 
Word Size: Format: Accumulator Size: Le hoi Time: MAC Time: 
16 bits Fixed 36 bits 55, 75 nsec 55, 75 nsec 


Memory: etn aa earn eam ena 
Progra Data: 
2k X 16 ROM/64k X 16 512 X 16 RAM/64k X 16 
Cost (single/100s): Date of eeeee working silicon: 
$84/$68 (55 nsec) Oct, 19 


ATE&T DSP1IALsGA—33 
Word ee Format: Accumulator Size: a oh eae MAC Time: 
16 bi Fixed 36 bits 5, 75 nsec 33, 55, 75 nsec 


Memory: OT ed al ol fe Na ; 
sip sing Data: 
4k X 16 ROM/64k X 16 2k X 16 RAM/64k X 16 
Cost (single/100s): Date of first ee silicon: 
NA Estimated Oct, 


ATET DSP32-—-160 
Word Size: Format: NGS eee Size: Cycle Tim MAC Time: 
32 bits Floating 40 bit 160, 250 nsec 160, 250 nsec 


Memory: internal/external 
ein es as mar & oe can be program or data) 
512 ROM X 32 RAM/14k X 32 


Cost (single/i100s): Date of ada working silicon: 
$190/$170 (160 nsec) Dec, 198 
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ATE&T DSP 32C-s3sea 
Word Size: Format: ROE aOr Size: ved Time MAC Tim 
32 bits Floating 40 bit 100 nsec 80, 100° nsec 


Memory: internal/external 
(Memory is contiguous, can be program or data) 
(512 + 512 + 512) X 32 RAM/4M X 32 
or (512 + 512) X 32 RAM, 2k X 32 ROM/4M X 32 
Cost (single/i00s): Date of first aap ey silicon: 
NA Estimated Sept, 


Microchip Tech DSP3B20C10 


Word Size: 
16 bits 


MAC Time: 
244, 320, 
400 nsec 


Format: 


Accumulator Size: 
Fixed 32 bits 


cycle Time: 
122, 160, 


200 nsec 


Memory: pineune ty eagernes 
i a Data: 
5k x” 16 ROM/4k X 16 144 X 16 RAM/O 
Cost (single/100s Date of first working silicon: 
$48.10/$41.80 (ise nsec) Sep, 1985 


DSPS5S6001 


cygie Time: 
4, 98 nsec 


Motorola 


MAC Time: 
74, 98 nsec 


word eene: Format: Accumulator Size: 
24 bit Fixed bits 
Memory: Sri le aah 
Pegare Data 
(256 + 256) X 24 RAM, 
(256 + 256) X 24 ROM/ (64k + 64k) X 24 


35K x 24 ROM/64k X 24 
ae 512 X 24 RAM/64k X 24 


Cost (single/100s): 


Date of sae working silicon: 
$75/$75 (74 nsec) 19 


Nov, 


DSPYVGOO2 


MAC Time: 
74 nsec 


Motorola 


Word Size: Forma Aponeuse Ter Size: Cycle Time: 
32 bits PS pophiy 96 bit 4 nsec 
Memory: internal/external 
Program: Data: 
512 X 32 RAM/4G X 32 (512 + 512) X 32 RAM 
(512 + 512) X 32 ROM/(4G + 4G) X32 


Date of first working airy eds 


Cost (single/100s): 
NA Estimated 1st quarter 198 
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NEC Elec uUuPDTT7C25 


Word Size: 
16 bits 


MAC Time: 


Format: Accumulator Size: Cycle Time: 
its 122 nsec 


Fixed Dual 16 b 122 nsec 


Memory: internal /external 
Program Data: 
2k X 24 ROM /O 1k X 16 ROM, 256 X 16 RAM/O 
Cost (single/100s): Date of first working silicon: 
$65/$57 (EPROM version) Sep, 1987 


NEC B1lec 


Word Size: 
32 bits 


uPDTT2A30 


Cycle Time: 
150 nsec 


MAC Time: 
50 nsec 


Format: Ac ers sabe Size: 
Floating 55 bit 


Memory : Penne cexcernat 
Progra Data: 
2k X 32 ROM/8&8k X 32 (512 + 512) X 32 RAM, 
1k X 32 ROM/8k X 32 


Cost (single/i00s): Date oF Pica working silicon: 
$400/$350 (EPROM version) May, 


OKI Semi 


Word tas Format: PSUR eSor Size: Cycle Time: 
22 bit Floating 22 bit 100 nsec 


MSME6E699210 


MAC Time: 
100 nsec 


Memory: eee eens 
Progra Data: 
2k xX 32 ROM/64k X 32 512 X 22 RAM/64k X 22 


cost Sea ate (toons Date = first working silicon: 
$150/$ June 1988 


Philips PCBSO10Y11 


MAC Time: 
122 nsec 


Word Size: Format: 


Accumulator Size: 
16 bits Fixed bits 


Cycle Time: 
122 nsec 
Memory: een eros 
Progra Data: 
1k X 40 ROM/O (128 + 128) X 16 RAM, 
or 0/64k X 40 512 X 16 ROM/64k X 16 


Cost (single/100s): Date of first working silicon: 
NA 1987 
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RELATIVE SPEED PROFILE 
uPD77C25 


100 — 
uy 80 : - 
g = - 
98 °° | 
3k >< EB. 
0 : TE 
5 6 
BENCHMARK 
RELATIVE SPEED PROFILE 
uPD77230 
Oe 
He 
ei 
: 
BENCHMARK 
RELATIVE SPEED PROFILE 
MSM699210 
Lu 
oS 
OE 
og 
ei 
BENCHMARK 
RELATIVE SPEED PROFILE 
PCB5010/11 
100 
pu 80 
Ww 
5 z 60 
ae 
6° 4 
ei 


BENCHMARK 
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Introducing the friendly 
lithium battery. 


Our new user replaceable lithium bat- 
teries are so well-designed...so reliable, 
that once you design one in, forgetting it 
is about all there’s left for you to do. No 
leads. No soldering. _ 

Because now users can replace the 
battery themselves...quickly and easily. 
Leaving your technicians free to handle 
more important jobs. 

And with their long life, high energy den- 
sity and wide temperature operating ranges, 
our batteries will still be hard at work 
long after you’ve forgotten them. We've 
already proven that with more than 10 
years of reliable performance. 

As for delivery, our 3 volt single cell and 
volt dual cell batteries are available 
ight now. In the quantities you need. 

All of which helps to explain why they re 
hosen by world leading computer and 
camera manufacturers. 

Panasonic® replaceable lithium bat- 
teries...designed to be forgotten. 

For the rest of the story, contact the 
Panasonic Battery Sales Division office 
nearest you. 


ota orcieianr neti ennefoenturtysleMbi rotor eta 


Headquarters: 
SECAUCUS, NJ 07094 @ (201) 348-5272 


Southeast: 
NORCROSS, GA 30093 @ (404) 925-6768 


North Central: 
ARLINGTON HEIGHTS, IL 60005 @ (312) 981-4820 


South Central: 
FT. WORTH, TX 76155 @ (817) 685-1150 


West Coast: 
GARDEN GROVE, CA 92645 e (714) 895-7538 


\ Panasonic 
Industrial Company — 
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RELATIVE SPEED PROFILE 
$T18930/31 


100 
uw 80 
SGS—-THRAomson STi Sese3so / 32 5S 
Word Size: Format: Accumulator Size: Cycle Time: MAC Time: SF 
16 bits Fixed 32 bits 100 nsec 100 nsec o =z 60 
Memory: Aap aia er raed von nee “Oo 
Progra Data: YO - 
x 32 ROM/O (128 + 192) X 16 RAM, = 
or 0/64k X 32 512 X 16 ROM/4k X 16 50 40 
Cone See Date of gees working silicon: ° we 
$12 July 19 o fy 
20 
0 N/A N/A N/A 
ees 2 Mee es 
BENCHMARK 
RELATIVE SPEED PROFILE 
$T18940/41 
100 
uy 80 
SGS—-THomson sSsTis9s4o0741 5s 
Word Size: Format: Accumulator Size: Cycle Time: MAC Time: = = 60 
16 bits Fixed 32 bit 100 nsec 100 nsec ro r 
Memory: internal/external BE Etro 
PRX 32 ROM/O "(236 + 256) X 16 RAM, oS 40 
or 0/64k X 32 12 X 16 ROM/64k X 16 ol | : : 
aoe eon ere Pele oabere working silicon: 2x HE + : 
a Hn 8G 
3 HG bb 
5 6 ¥. eI Ne 
BENCHMARK 
RELATIVE SPEED PROFILE 
TS68930/31 
100 
uw 80 
SGS—-TnHomson TSeSeoesoy731. Fe 
Word Size: Format: Accumulator Size: Cycle Time: MAC Time: = an 60 
16 bits. Fixed 32 bits 160 nsec 160 nsec re 4 
Memory: internal/external aad ° 
Program: Data: Oe 
1.2k X 32 ROM/O (128 + 128) xX 16 RAM, uw> 40 
or 0/64k X 32 512 X 16 ROM/4k X 16 ol 
Cost (single/100s): Date of first working silicon: so wy 
$125/$95 April 1986 ii 20 
: TNA NA NA 
1 102412 42 
BENCHMAR*% 
RELATIVE SPEED PROFILE 
TMS320C1X 
100 = bee 
7 2 : E 
80 
Texas Inst TMS320C1ix 5&8 EE g g 
Word Size: Format: Accumulator Size: Cycle Time: MAC Time: SF gS & Es Et 
16 bits Fixed 32 bits 125, 160, 250, 320, z 60 
200, 280 nsec 400, 560 nsec o Oo = & & Es 
Memory: Se Lee ne OE 
Jose aig x 16 ROM/4k X 16 aay 16 RAM/O LL = 40 & a = z 
or 4k X 16 ROM/O or 256 X 16 RAM/O oO uu = ie e B 
or O0/4k X 16 30 < 
Cost (single/100s): Date of first working silicon: . Ww 20 & E | 5 g 
$50/30 (125 nsec) 1982, 1984 for CMOS versions a E a 2 
) s 2 . it it. 1b iE 
1 2 3 5 6 rf 8 ieee 2 3 aes 
BENCHMARK 
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me” 


Power 
Material 
Precise from the start. 


pa. Bata sbalas Sa 
"Fe = % 
¢ 8 Soa = Yee 2d 
" § Be es 
: ™ “i, set 
: “Oy — agi 3 
= 8 = 3 gt ib, 
aioe 35 Pah aantAle sae aM OROR Tap caetiee at eos. 
2 eee. Bee 
sia ger J - 
g = B: 
gt eae ~ s : ae 
seer nee 5. es ae in 
* - ae il aig sae? a “8 errr 
. i : 9 
Facet sags * = F 5 
« ~ m 


a 


It’s true. And tried. An 
available right now. 
A ferrite material with tight, 
guaranteed specifications that 
extend even to the finished 
component. Pretty extraordinary, 
but then so is our 3085. 
There’s no learning curve. No trial 
and error. Over an arduous three year de- 
velopment period, it was tested, refined and 
retested—made ready, at last, for our spectacular 
new processing kiln—a technological wonder in 
itself. The result is amazing batch-to-batch consistency 
that traditional tunnel kilns can’t hope to match. 
And performance is prolific. Compared to our own 
3C8, this dramatic new material delivers a 30%-plus 


loss improvement. Which means you can use a smaller 
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core to do the same 
work or get more out 
of a given core size. 
Either way, you can 
count on proven results 
from start to finish. 
To get your copy of our components 
specifications, contact Ferroxcube at 
914-246-2811. You'll find 3085 components 


to be precisely as we have specified. Guaranteed. 


FERROXCUBE 


A Material Difference. 


Division of Amperex Electronic Corporation 
A North American Philips Company 

5083 Kings Highway, Saugerties, NY 12477 
914-246-2811 TWX: 510-247-5410 


RELATIVE SPEED PROFILE. 
TMS320C2X 


100 
_w 80 
Texas Inst TMS320C2X n= 
LJ 
Word Size: Format: ee ore Size: Cycle Time: MAC Time: S & 60 
16 bits Fixed 32 bit 80, 100, 80, 100, re) za 
200 nsec 200 nsec haa oO 
Memory: internal/external nk 
Program: Data: LL - 40 
4k X 16 ROM/64k X 16 544 X 16 RAM/64k X 16 roy 
Cost (single/100s): Date of first working silicon: ~o y 
$120/75 (80 nsec) 1984, 1986 for CMOS versions ° WwW 20 
0 
BENCHMARK 
100 
ws 80 
Te L rie 
xas nst TMS320C30 n= 
Ww 
ize: 3 
Dee aaray Blasting aehtee  ® Ottes | pete times 7 mach rine: Sz 60 
Memory: internal/external 32 
rior gent ‘a ae: Roniion ae sehr or data) 5 40 
O 
Cost (singl (e) 
yisesresooe gtioles ype gigi working silicon: .© ov: 
° 
Lu 
20 
0 Se =| fe 2 ff. 
1 2 4 5 6 7 8 O10 he i12 
BENCHMARK 
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SHARP FLAT PANEL DISPLAYS 
ARE ALL THERE 
IN BLACK AND WHITE. 


| Sharp, the world leader in LCD and EL Getting your Sharp LCDs won't give youa 
displays, introduces three new easy-to-read LCDs. _ headache either, if you call Marshall Industries. 
With three times more contrast than conventional § Because Marshall has a clear understanding of your 
Super Twist High Contrast LCDs. So they give sharp _ needs. Like on-time delivery, complete 


Sa a A ' 
EEMEENEEEEEEEEEEeErer 


| clear pictures. Even at an angle. inventories and production quantities. 

| All thanks to Sharp’s new Double Super Marshall is also the only national distributor 

_ Twist technology. to carry both Sharp LCDs and Yamaha controllers. 

| These new units come in three sizes: These PC based controllers support all flat panel 
640(W) x 400 (H) dots, 640(W) x 480 (H) dots LCDs and EL displays. 

and 720(W) x 400 (H) dots. Each with CCFT For the sharpest flat panel displays around, 

backlighting standard. call Marshall today. 

| And, best ofall, the display is black and white, After all, not all your decisions are going to be 


just like a printed page. Which reduces headaches _ this black and white. 
~ from eye strain and fatigue. 


3 
| 
| (‘Authorized Locations) San Francisco (408) 942-4600* IL Chicago (312) 490-0155" MN Minneapolis (612) 559-2211" Rochester (716) 235-7620* Brownsville (512) 542-4589" 
| AL Huntsville (205) 881-9235* CO Denver (303) 451-8383" IN Indianapolis (317) 297-0483" MO St. Louis (314) 291-4650* OH Cleveland (216) 248-1788" Dallas (214) 233-5200" 
| AZ Phoenix (602) 496-0290* CT Connecticut (203) 265-3822" KS Kansas City (913) 492-3121" NC Raleigh (919) 878-9882* Dayton (513) 898-4480" El Paso-(915) 593-0706" 
Tucson (602) 790-5687" FL Ft. Lauderdale (305) 977-4880" Wichita (316) 264-6333° NJ N. New Jersey (201) 882-0320* Westerville (614) 891-7580" Houston (713) 895-9200" 
| CA Irvine (714) 859-5050* Orlando (407) 767-8585* MA Boston (508) 658-0810" Philadelphia (609) 234-9100* | OR Portland (503) 644-5050" San Antonio (512) 734-5100* 
| Los Angeles (818) 407-4100* Tampa (813) 576-1399" MD Maryland (301) 840-9450" NY Binghamton (607) 798-1611" PA Pittsburgh (412) 963-0441* UT Salt Lake City (801) 485-1551" 
| Sacramento (916) 635-9700" GA Atlanta (404) 923-5750* MI Michigan (313) 525-5850* Long Island (516) 273-2424" TX Austin (512) 837-1991* a rie ae Sa 
i - ss isconsin - 
San Diego (619) 578-9600 CIRCLE NO 72 ra 


Save nanoseconds on logic. 


And months on design. 


Logic Automation’s model cell library now contains 
all RCA Advanced CMOS Logic circuits. 
Any other approach to logic design is a waste of time. 


You know the advantages of CMOS, such as low 
power dissipation, high noise immunity and wide 
operating temperature range. 

And you probably know that AC/ACT logic adds 
a new dimension to CMOS: advanced speed. 

But you may not know that this faster logic can 
now be designed-in much faster. 


System-level AC/ACT simulations. 


RCA AC/ACT is the first advanced-speed CMOS 
logic to have all its circuits (more than 100 and 
growing rapidly) available as SmartModelst in 
Logic Automation's library. 

These sophisticated behavioral-level models 
don't need the computing power of a mainframe. 
So you can use them on just about any popular 
engineering workstation. 

But what really sets SmartModels apart is their 
technique of Knowledge-Based Design Verification. 
Each model has been worked on by engineers and 
systems designers who know the design problems 
you're most likely to encounter when using parts 
from the AC/ACT library. 

If any of these errors does occur, it is immediate- 
ly pinpointed. You get the exact time, location and 
nature of the problem. 

All circuits are checked for timing (including 
setup, hold, frequency and pulse width), and usage 
(specific checks for each device). 

The result is far less prototyping. Which means 
savings of months. And thousands of dollars. 


A new world of design possibilities. 
RCA AC/ACT gives you the speed of FAST” 
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But power dissipation and idling power are small 
fractions of FAST ICs. 

So, for example, you can design a computer that 
doesn't have a cooling system. Or a sealed system to 
prevent dust problems. Or dramatically reduce 
your system's size. 


System-level simulations eliminate the need for prototypes, saving time and money. 


In addition, AC/ACT gives you latch-up and ESD 
protection. All this at FAST prices. 

And these circuits are available in Military /Aero- 
space versions for the most demanding applications. 

Start saving time on both logic and design right 
now, by calling toll-free 800-443-7364, ext. 29. 

Or contact your local GE Solid State sales office 


or distributor. 

In Europe, call: Brussels, (02)246-21-11; Paris, (1) 39-46-57-99; London, (276) 
68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 
TSmartModel is a registered trademark of Logic Automation, Incorporated. 

“FAST is a trademark of National Semiconductor Corporation. 


General Electric Company, U.S.A. 


GE/RCA/INTERSIL 


SEMICONDUCTORS 
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SIEMENS 


Total ISDN commitment 


innovative chips for telecom/datacom 


Integrated telecom and datacom on 
one system. Services like voice, data, 
text and video. Digital transmission 
from end to end. Network capability 
worldwide with standard interfaces 
and call procedures. In short ISDN. 


And you can migrate to this new infor- 
mation environment right now, from an 
existing telephone network structure. 


Siemens, through a long term techno- 
logy partnership with AMD, offers an 
ISDN chip set, the broadest, multiple- 
sourced selection of ISDN devices 
available. Like the S-bus interface cir- 


cuit (SBC) and ISDN echo-cancellation 


circuit (IEC) for transmitting the 2B +D 
ISDN data rate over the 4-wire 


CCITT S interface or 2-wire U interface. 


The ISDN burst transceiver circuit 
(IBC) is a low-cost 2-wire transceiver 
for PABX applications. ISAC-S is an 
ISDN subscriber access controller 
which, together with an ISDN terminal 
adapter circuit (ITAC), forms an access 
module for interfacing conventional 
data-processing systems. | 

You can start building ISDN terminal 
and switching equipment today, for the 
future, with an upward-compatible path — 
pingnced ese the common lOM- 2* 


*IOMi isa registered trademark 
of Siemens AG 


face for connection of different compo- 
nents within the basic ISDN access, for 
flexibility using different transmission 
rates. 


ISDN is opening up new markets and 
opportunities. Secure your primary and 
basic access with Siemens devices, 
founded on experience and expertise, 
backed up by allround service and 
support. 


Europe: Siemens AG, 

Infoservice 12/Z072, Postfach 2348, 
D-8510 Furth 

USA: Siemens Semiconductor Group, 
2191 Laurelwood Road, Santa Clara, 
CA95054, mentioning “ISDN-Chips” 


TopTech Components 
from Siemens 

the key to digital 
communication systems 


CIRCLE NO 73 


A19100-B-Z571 


} 


We'll help you | 
get the work out... 


without the workout. 


If you spend time working with IC 


or Discrete semiconductors, you 
should get to know our DIGESTs. 


Because they can make your work 


go a whole lot easier. 


Quickly compare electrical 
specs, packages, pinouts; find 
alternate sources or replacement 
information; or go directly from 
generic or part numbers to 


technical and manufacturer data. 


All at your fingertips...your own 
personal library at your desk. 


Involved with MIL SPEC or . 
Hi-Rel components? Our Hi-Rel/ 
Military Digest can lighten your 
load. Simplified cross-referencing 
and a user-friendly format 
eliminate time-wasting searches 
through QPL’s, MIL-STD 1562, 
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Selecting or Specifying ICs 
or Discrete Semiconductors? 


DESC drawings and manufacturer 
catalogs. Searches that previously 
took hours can be done in minutes. 

And to keep up with the latest 
technology, the DIGESTs feature 
optional Updates, automatically 
sent to you either quarterly or semi- 
annually. 

We offer the DIGESTS 
separately, discount them in 
quantity, and, of course, all 
DIGESTs carry our 30-day 
moneyback guarantee. We also 
lease our database on magnetic tape. 

To find out more about how the 
DIGESTs can simplify your 
workload, call our toll-free numbers. 

The D.A.T.A. DIGESTs: getting 
out the work doesn’t have to be a 
workout anymore. 


the DIGESTs' 


where semiconductor selection begins 


Call toll-free 1-800-854-7030, Ext. 570. In CA 1-800-421-0159, Ext. 570 e 9889 Willow Creek Road ¢ P.O. Box 26875 e San Diego, CA 92126 
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V.I.P. means — 
Very Interesting Possibilities 


Maybe you’re under some very intense pressure 
because you need to design a very important 
product and it has to have a very impressive (front) 
panel. You’ve suffered from vacillation, indecision, 
and procrastination. So now it’s time to consider 
Vile 


V.I.P. is an integrated display/keyboard system. It’s 
a virtually ideal product for applications that require 
a ‘‘mini-terminal’’ with an operator interface. 
Because the ‘‘slide-in’’ switch legends can be easily 
customized by the user to suit his or her needs, 
V.I.P. provides some very interesting possibilities. 


But that’s not all. Just look at the variety of 
invaluable pheatures (sorry): 


¢ Operates from a single +5VDC power supply. 
e RS-232 interface 


e Easily seals to the front panel of your equipment 
for operation in dirty or wet environments. 


e Custom artwork/legends are optional. 


So if you need a versatile, intelligent product to 
enhance your front panel, give us a call at IKE 
where you’re always treated like a very important 
person. 


INDUSTRIAL ELECTRONIC ENG/NEERS, /NC. 


Senpane2o RIN 


———————_/naustrnal Products Division 


7740 Lemona Ave., Van Nuys, CA 91409-9234 


el: (818) 787-0311, Ext. 418 © Telex: 4720693 IEE IPD 


EDN September 29, 1988 


FAX: (818) 901-9046 (G2/G3) 
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Whats so special about 
our 8 BIT microcontrollers? 
(Only our customers knovyfor sure. 


And it's no wonder they want Do they want 4, 8 With the MHS “Quick ROM" 


to keep it to themselves. or16 Kbytes of ROM? No problem. “= service, they have customized samples or 
Not only is MHS one of the world 32 K? We can do it. On-chip RAM: 128 or production parts sitting on their desks in just 
leaders in CMOS microcontroller technology, 256 bytes? Their wish is our command. two or three weeks. ROMless 80031/32 
with over 7 million units delivered to date. —_________________________ parts are there before they even know it 
We're also one of the fastest suppliers, eG oS a oc So next time our customers get out 
delivering both standard and customized gocsi «4 ~—Ss«d'28-—=ité‘asS*é«ck OM 18M —_O hand, you'll understand why. 
parts to our customers’ doorsteps - RI 1e 28 eee 
anywhere in the world - in no time flat. 830158 32 2563 Extra modes 
. 800752 4 128 2 Keyboard controller 
It would seem that they appreciate nn 
it. Our customers have made us the No. 3 They can also choose from a range 
supplier of 80051 microcontrollers worldwide. —_of operating clock speeds from zero all the 
In Europe, they've made us No. 1. way up to 18 MHz, or from our fuil choice 
That's not all. The MHS product of packages and temperature ranges. Not to 
line gives our customers unrivalled freedom mention low-voltage (down to 2.7 V!) or The best-kept secret 
of choice. “Secret ROM" versions. in semiconductor technology. 
CIRCLE NO 77 
¢ 
iS MATRA DESIGN SEMICONDUCTOR © - MATRA HARRIS SEMICONDUCTEURS MHS. A subsidiary of the MATRA Group 
3 2895 Northwest Parkway BP 309 
+ SANTA CLARA CA 95015, USA 78054 SAINT-QUENTIN-EN-YVELINES CEDEX 
4 Tel: 408-986 9000 -Tk 299 656 — FRANCE - Tel. (1) 30.60.70.00 - Tk 697 317 


156 EDN September 29, 1988 


DESIGNING POWER SUPPLIES 
FROM YOUR POINT OF VIEW 
HAS GIVEN 
COMPUTER PRODUCTS 
ONE OF OUR OWN... 


THE GLOBAL RESOURCE YOU NEED. 


~ Over 1900 people throughout North ae : 

Wis Europe and Asia. $100 million in power supply sales. 

las sry escemvin — Computer And 187 distributor locations worldwide—the stronges 
.- 3 Se | distributor network of power supply products in- 

the world. . 

It means one-stop shopping. lt means reliable, 
scheduled delivery anywhere, anytime. And it means. 
a resource you Can depend on from Minnea polis 
to Munich. = 


THE STANDARD AND CUSTOM | : 
PRODUCTS YOU WANT. | 


A major benefit of Computer Products is that we 
are the source for the industry's widest Selection of _ 
power supply products. 

Open frame linears, open frame switchers, encap- 
Sulated power modules, cased switchers, high-power 
switchers, and DC/DC converters. Including a wide _ 
selection of Mil-Spec switching power supplies and 
DC/DC converters. 2400 standard models to choose 
from—plus modified standard or custom versions 
which are derived from our proven designs. 


sens nena 


LEAR Ter: 
[eas Bee? tS 


ter Products Incorporated. 1988 


a power supply = 
echnology. Yc 


yroducts that. 
are precision: — 
sngineered | | s. 
Jsing the most =e 
advanced.and — 
eliable fechnnicgias— 
available. - 
From high freq uency eee ng 
= high-power densities to the 
industry's most advanced hybrid/ 
surface-mount technology, we are devel-- 
oping the advanced power supply — 
designs that you. sis for the enrol 
of sane oe 


~ QUALITY 8 AND RELIAE BILIT TY = = 
_YOU CAN TRUST. _ 


Its of our total com pany comm —e to == 

da world class manufacturer. We believe = 
> in never-ending improvementinthe = 

=. of our products and processes. 
_ From Statistical Process seo | 


~ Products, 


olf reply. card is missing dense cice reader service srumber 101 Consult FEM fory your local — hes or 
Call (305) 974-5000. Ext. 7514. 


BUSINESS REPLY MAIL 
FIRST CLASS PERMIT NO. 251 MPANO BEACH, FLORIDA 


POSTAGE WILL BE PAID BY ADDRESSEE 
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POWER CONVERSIONS 


2900 GATEWAY DRIVE 
POMPANO BEACH, FL 33069-9944 


Series univers 


QUICK ACTION REPLY CARD 
PLEASE SEND: 
1. NFS 40/50/110 Series 4. Mil-Spec Catalog 


2. H, EA, AF Series 5. Engineering Handbook 

3. WS Series 6. Have a Sales Person Call 
Name Title 
Company Dept 

Street 

City State s(n 
Telephone ( ) 


EDN 


without changing jump 


sae cinco 6 cL 
bonus of 10s esl del W 


The H, EA a AF ae are aes ariet —— ps 
-DC/DC converters having the same industry aoe 

footprint to provide flexibility for your design. Ideally 
suited for powering analog and digital circuitr 
OP Amps, A/D and D/A converters, logic and micro- 
processors. Packaged in 1.0" x 2. 0" x0.38" non 
conductive cases, these 1 to 4.5 watt converters are 
available for a variety of input and output voltages. A 
units feature isolation of 5OOV, setting accuracies er 
+2% max. and may = oulpist to +1% max... 


The WS Series’ is your = iets hen = comes to. 
selecting high power density DC/DC converters. 
Packaged tn a low profile 3.5" Wx 55"-x0.91" H 
case, these 100 watt units feature 18-36 and 36-72 
VDC input ranges, single, dual and triple outputs, 500 
VDC isolation and efficiencies up to 84%, Ideal for 
telecom and computer applications, and now a new dual 
+5 and +12 VDC output version with peak current — 
capability for power disk drives. Chassis mounting with 
screw terminations or PCB mou nt with heat sink” | 
versions availa ble. 


; h i 
} N 
i 


ee Ore 


y such as 


FREE... .Send for your free copy ofour Power 
Supply Engineering Handbook and separate 
catalog covering Mil-Spec Power Supplies. Allthe. . 
information you need to make a power SEEDY oe 


= decision. - 


POWER conversion = 


- (305) 97 4-5500_ zs 
Your Partner in Power. 


Design Feature 


Sliding FFI’ computes 
frequency spectra 
in real time 


Digttal-signal-processing (DSP) systems 
must often perform real-time spectral 
analysis of a nonterminating data sequence. 
A simple method for calculating frequency 
spectra—the shding FFI —requires less 
computing power than the conventional 
FFT approach. 


Tom Springer, Pinson Associates Inc 


Many digital-signal-processing applications, such as 
certain types of adaptive filters, require you to perform 
real-time spectral analysis of a nonterminating data 
sequence (Ref 1). The usual approach to such problems 
calls for computing power of a very high order, as 
exemplified by the latest VLSI DSP chips, which can 
calculate fast Fourier transforms (FF'T's) at blinding 
speed, using standard algorithms. However, for a wide 
range of practical problems, a simple method for calcu- 
lating frequency spectra—the sliding FFT algorithm— 
has a number of advantages over the conventional FFT 
algorithms. For instance, it can calculate spectra at a 
rate more closely approaching the sampling frequency 
than conventional algorithms can do. 

You can best understand the computational difficul- 
ties that real-time spectral analysis entails if you con- 
sider the operation of a Fourier analyzer or dynamic 
signal analyzer. You can use such an instrument—for 
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example, Hewlett-Packard’s Model 3562A Dual Chan- 
nel Dynamic Signal Analyzer (Ref 2)—to view and 
record signals as they appear in the complex frequency 
domain. However, there is a fundamental difference, 
which is not always understood, between a Fourier 
analyzer and a spectrum analyzer. 

The spectrum analyzer displays the output of what 
is effectively a swept filter; it therefore presents an 
average spectral distribution over a sampling interval. 
Consequently, you can only use the spectrum analyzer 
for continuous frequency measurements. The Fourier 
analyzer, on the other hand, updates the spectrum at 
approximately the sample rate, and therefore presents 
the zrstantaneous spectral characteristics of the input 
signal. You can therefore use it to perform transient 
analysis; unlike the spectrum analyzer, it provides 
phase as well as magnitude information. 


FFT computation time delays the response 

Ideally, the Fourier analyzer would compute the dis- 
crete Fourier transform as quickly as the signal is sam- 
pled. In practice, however, the computational limita- 
tions of the processor make it impossible to realize this 
ideal, so real instruments specify both an input-signal 
bandwidth and a real-time bandwidth. The input-signal 
bandwidth is limited by the sampling rate of the instru- 
ment and represents the highest frequency that the 
instrument can detect without aliasing; this frequency 
is called the Nyquist frequency. The real-time band- 
width defines the fastest transient event that the in- 
strument can record, and it’s directly related to the 
length of time required to calculate the discrete 
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You can derive the FFT for any segment 
of a nonterminating data sequence directly 
from the FFT computed for the previous 
segment, with fewer computations. 


INPUT SEQUENCE 
(IN TIME DOMAIN) 


FOURIER TRANSFORM 


SPECTRUM OF INPUT SEQUENCE 
(IN FREQUENCY DOMAIN) 


TRANSFER FUNCTION 
OF FILT MULTIPLICATION 


F FILTER 
(IN FREQUENCY DOMAIN) : 


STEADY-STATE RESPONSE 
OF FILTER (IN FREQUENCY DOMAIN) 


INVERSE FOURIER TRANSFORM 


FILTER OUTPUT 
(IN TIME DOMAIN) 


Fig 1—You can describe the steady-state behavior of a linear 
system in the frequency domain by computing the product of the 
system transfer function and the complex frequency spectrum of the 
input signal. 


Fourier transform. Because of this computational de- 
lay, the real-time bandwidth is typically narrower than 
the input-signal bandwidth by approximately an order 
of magnitude. 
Any system that must detect transient phenomena 
-in the frequency domain must meet the same perform- 
ance requirements that a Fourier analyzer must meet 
in order to generate quasi-instantaneous frequency 
spectra. The transformation of discrete data from the 
time domain to the frequency domain is almost always 
accomplished by means of the FFT; thus, the ability 
of a system to track dynamic changes in the spectral 
content of a signal often depends primarily on the speed 
with which the system can execute the FFT algorithm. 


Feedback loops may not tolerate delays 

This speed limitation can be an important considera- 
tion in digital-filter design. You’d commonly define 
such filters in terms of frequency-domain parameters 
and implement them with frequency-domain tech- 
niques. Filter design usually begins when you specify 
a desired frequency response, so frequency-domain 
methods provide a very direct approach to filter de- 
sign. Furthermore, it’s very simple to describe the 
steady-state behavior of a linear system in the fre- 
quency domain by computing the product of the system 
transfer function and the complex frequency spectrum 
of its input (Fig 1). Because the FFT efficiently carries 
out the necessary time/frequency domain transforma- 
tions, frequency-domain signal processing is computa- 
tionally attractive for filter applications. 
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You may find, however, that in some real-time appli- 
cations such as control systems, using the conventional 
FFT algorithm renders the filter unsuitable. The rea- 
son is that an N-point FFT operates on blocks of N 
points at a time; thus, it doesn’t generate spectra in- 
stantaneously for each incoming sample; it generates 
spectra only at regular intervals. The resulting propa- 
gation delay in the computed response of the filter 
might not be tolerable within a feedback loop. The 
example below shows the effects of the delay for a 
64-point FFT. 

Consider a system at steady state that experiences 
a perturbation (a spike at t=64). Fig 2a shows the 
data sequence. Because the FFT is a block operation, 
it must accumulate 64 new samples before it reevalu- 
ates the spectrum; in other words, at t=63 it trans- 
forms {x(0),...,x(63)}, at t=127 it transforms 
{x(64),...,x(127)}, and so on. Fig 2b shows a 64-point 
block of samples beginning at t=0 (which doesn’t in- 
clude the spike), and Fig 2c shows the frequency spec- 
trum of the block. Fig 2d shows the block of samples 
beginning one sample period later at t=1 (now contain- 
ing the spike), and Fig 2e shows its corresponding 
spectrum. Note the spectral components that the spike 
introduces—the actual spectrum of the signal has 
changed at t=64, but the system can’t detect the 
change until the next transform. After the spike has 
occurred, the system must collect 63 more samples 
before it can revise the spectrum that it calculated at 
t=63. Thus, computing the FFT introduces a delay 
into the system’s response. 

In many applications, you can’t afford to ignore the 
dynamic behavior of signals in the frequency domain; 
however, the FFT updates the frequency spectrum 
only at the rate f,/N (where f, is the sample rate). In 
Fourier-analyzer terminology, the “real-time band- 
width” is limited to 1/N of the “input-signal band- 
width.” This situation would be improved if the system 
could generate spectra at the sample rate. 


Sliding FFT algorithm reduces delays 

You might at first think that in order to update the 
frequency spectrum on a real-time basis, the system 
would have to recalculate the FFT for each new sample 
of the input sequence. Intuitively, you’d conclude that 
this procedure is wasteful, because only one point in 
the sequence changes for each recomputation of the 
FFT. Under certain conditions, however, you can ap- 
ply a faster method of calculating frequency spectra 
in real time. 
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It turns out that you can derive an FFT for a seg- 
ment of the N-point data sequence, beginning at time 
k+1, directly from the FFT computed for the prior 
segment that began at time k; this procedure saves a 
considerable amount of computation time. As sug- 
gested by its name, the sliding FFT “slides” over the 
data sequence, N points at a time (Fig 3). The impor- 
tant constraints are that the input data must be pre- 
sented in a nonterminating sequence, and that the in- 
put-signal bandwidth must be no greater than the real- 
time bandwidth. 

To understand how the algorithm works, let the FFT 
of the kth sampling interval be Xkqn); that is 


FFT of {x(k),...,.x(k+N—1)} =X). 
Then, 


Xk+1 ten) 
= e)(277m)/ N(Xkn) +Xi4N—Xh)- 


This equation states that the FFT of the k+ 1th sam- 
pling interval is equal to the phase-shifted sum of the 
previous FFT and the difference between the newest 
sample and the oldest—that is, between the sample 
entering the leading edge of the window and the sam- 
ple leaving the trailing edge. For the mathematical 
details of this relationship, see box, “Derivation of the 
sliding FFT.” 


at ]112.- 


pyres TIT te 2447 


Fig 2—When a system in steady state experiences a.perturbation (a spike at t=64) (a), the system may experience a delay before it 
detects the spike. A 64-point FFT, computed for samples 0 through 63 (6), generates a spectrum containing no harmonics (c). If you 
sample at t=1 through t=64 (d), the spike appears in the sample, and if you could perform instantaneous computations, you'd see that 
at t=65 the spectrum looked like e. In practice, because the system requires 64 sample times to compute an FFT, the changed spectrum 1s 
not available until (at least) t= 127. 
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An additional advantage of the shding 
FFT 1s that it doesn’t require bit reversal, 
as most FFT algorithms do. 


N-POINT FFT 


Xk + 1(m) 


N-POINT FFT 


k+N-1 k+N 


Fig 3—You can reduce the propagation delay by computing the 
first spectrum with the ordinary FFT algorithm, but thereafter deriv- 
ing each new spectrum from the previous one with the aid of a 
simpler algorithm. In effect, you slide the window over the data, 
one point at a time. 


Thus, if you know the transform of the input se- 
quence at time k, you can derive the next transform 
(at time k+1) without computing another FFT. You 
can calculate Xk+1(,,) from Xkq), using N complex 
multiplications and N complex additions. By contrast, 
recomputing the FFT requires N/2 x loge(N) multipli- 
cations and N Xlogo(N) additions. To see how much 
computation time you'll save, consider that a 1024-point 
FFT requires 5120 complex multiplications and 10,240 
complex additions if you use a standard “decimation-in- 
time” algorithm. Computing the sliding FFT requires 


‘Substituting p: 
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only 1024 complex multiplications and 1025 complex 
additions, including xq.+N)— xX). The amount of time 


you save will be system dependent, and it will increase 


with the size of the FFT. 

An additional advantage of the sliding FFT is that 
it doesn’t require bit reversal, as most FFT algorithms 
do. Further, the sliding FFT doesn’t require that the 
data sequence be of a particular length, as fixed-radix 
FFTs do. Sliding FFTs make it easier to format the 
input data, therefore. 

The sliding FFT is defined recursively. That is, at 
each point in time the algorithm demands that you 
know the spectrum that existed at the previous point 
in time. Obviously, an initial value—X0,)—is neces- 
sary to start, or “seed,” the process. You can supply 
this value by computing the transform of the first N 
points of the sequence with a conventional FFT; there- 
after, you can use the more-efficient sliding FFT to 
generate all subsequent spectra. 

Alternatively, you can arbitrarily define the input 
sequence so that the first N points are zero (a condition 
that’s equivalent to delaying the input by N), thus 
forcing Xp) to be all zeros. From that point on, you 
can apply the sliding-FFT algorithm. After the first 
N iterations, the frequency spectra produced will be 
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The sliding FFT 1s attractive in comparison 
with conventional algorithms when you need 
to update the spectrum at rates approaching 
the sampling frequency. 


valid. Remember, however, that it takes longer to cal- 
culate N sliding FFTs than it does to calculate an 
N-point FFT by the conventional method. You’ll find 
the results of a quick benchmark comparison between 
the conventional-FFT and sliding-FFT algorithms in 
Tables 1 and 2. . 

The Turbo-Basic source listing for the benchmark 
program appears in Listing 1. The program measures 
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performance by using Basic’s TIME$ system call to 
time random data sequences of varying length. The 
program calculates the conventional FFT first and uses 
the result to seed the sliding FFT, as described above. 
Obviously, the execution speed of the Basic interpreter 
running on an IBM PC/XT or PC/AT is far below the 
speed that any practical DSP application would re- 
quire; however, this crude example clearly shows the 
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Be of all, there’s almost certain _ - 100. and service around the nation. 
tobeanAstecDC-DC converterto _ Soall you supply is the need. And 
it your exact needs. We make se _ we'll supply the power—exactly 
sions in single, dual, and triple out- ~ what you want.  . 
-putcombinations,whichmakes —_—sTo find out more about The Real 
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industrial, anddistributed = /7AS-IEC/, ext. 11. Or write: Astec 
power applications. USA, 2880 San Tomas Expressway, 
Sometimes, Bigger Is Better. stone pepe ee) 

iA Astec, ourmanufacturing ~~ Because when it comes to DC- 
capability can exceed 4 million — DC converters, the biggest ideas 
power supplies per year. That's one are now available in the smallest 
reason why we've soldmore power — packages. . 

supplies than any company any- 
where (15 million at last count). 
Another reason is our efficient pro- 
duction that keeps costs down and — 
quality up. 

Then there's our U.S. headquar- 


ters in the heart of the Silicon Valley, 2 2 - 
where we provide sales, engineer- The Real Power 
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A conventional 64-point FFT wont detect 
a spike at t=1 until t= 127, when the sys- 
tem has collected all remaining data points 
and computed the new spectrum. 


advantage of the sliding FFT. Also note that, as ex- 
pected, the margin of improvement is greater for 
longer data sequences. 

Although you can use the sliding FFT to enhance 
real-time spectral analysis, you must observe its inher- 
ent constraints. First, the input data must be part of 
some nonterminating sequence. The benefit of the slid- 
ing FFT algorithm is that performing recursive calcula- 
tion of the spectra of an unending sequence is inher- 
ently more efficient than applying the general methods 
for calculating the discrete Fourier transform to each 
N-point window as though it were unrelated to the 
previous one. However, if Xk+1,,) and Xkqn) actually 
are unrelated, the algorithm is of no use. 

Second, if the system must sample the data at a 
faster rate than the rate at which it can compute the 
sliding FFT (input-signal bandwidth exceeds real-time 
bandwidth), you can’t use the algorithm. The reason 
is that the recursive calculation of the transform pre- 
sumes that the samples are consecutive, so the time 
required for calculation effectively limits the sampling 
rate. If the input sequence contains frequency compo- 
nents that are higher than the sampling rate, aliasing 
will occur in the resultant spectra. 

Don’t assume that the sliding FFT’s computational 
efficiency applies to all circumstances. In fact, only 
when you need to compute spectra at a rate that’s close 
to the sampling frequency does the sliding FFT become 
attractive in comparison with the ordinary FFT. The 
system must repeat the calculations in the sliding algo- 
rithm for each sample; after N samples, you have N2 
‘multiplications. With a conventional FFT, the same 


TABLE Berns RESULTS FOR 
; AN IBM PC/XT 


CONVENTIONAL SLIDING 

: 1 SEC 
3 SEC 
6 SEC 
12 SEC 


_24 SEC 


| FFT LENGTH (POINTS)_ 


"| 4 MINUTE, 40 SEC 
5 _3 MINUTES, Sse 


FFT LENGT H (POINTS) 
26 
256 
512 


_ CONVENTIONAL ! 


N samples could be transformed at a cost of only N/ 
2(loga(N)) multiplications. The big difference is that 
you have to wait until the entire block of N samples 
has been acquired before the ordinary FFT can yield 
the spectrum. 

If that much delay would reduce the system’s tran- 


: Update rate g governs sliding FFTs efficiency 


SS To find out pies the sliding 
FF mputationally efficient 
lication, you have to 
npling rate at which 
ot FFT requires fewer 
“com plex multiplications than the 
conventional FFT does. In the 
conventional cohen aes 


whereas the pe sliding F FFT Ties | 
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only N2 iuikdplicattats 

The computational require- 
ments of the conventional FFT 
will equal those of the sliding 
FFT when the spectrum-update 
rate—f, (number of updates per 
sampling period)—is = that 


ae avethen Le 


‘log: (VN) 
the sliding FFT will require 
fewer complex multiplications. 
Relative to the sample rate 
f,=N, the sliding FFT is compu- 
— more efficient when: 


a> 1 


f, "dog: loge (VN) N) 


i= 
‘Tog: W is 


where 0<f,< N. Phen. for 
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PMI's OP-4a4 also guarantees a 
15 MHz GBW and full power BW 
of 1.5 MHz. And no compromises 


on accuracy... 
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8 mV max 
2) pv Utp 
10 V/mV min 

200 nA max 
80 dB min 


The OP-44 is available 

now ...in 883 too. Get the 
high-speed facts from our 12- 
page OP-44 data sheet. Circle 
the reader service number or 


call 1-800-843-1515. 


Precision Monolithics Inc. 


A Bourns Company 
Santa Clara, California USA 
408-727-9222 


$ 
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The precision solution. 


Provided that you observe a few simple con- 
straints, you can use the sliding FFT to 
enhance real-time spectral analysis. 


INPUT DATA AT 
SAMPLE RATE 


-N-POINT FIFO 


REGISTER 


ej27/N 


N-POINT ROM | 


SPECTRAL COMPONENTS 
AT Nx SAMPLE RATE 


Fig 4—You can implement the sliding FFT algorithm in hardware with the aid of two FIFO registers and a ROM that holds the system 


transfer function. 


sient performance to an unacceptable level, you can 
choose either to compute the FFT more often or to 
use the sliding FFT. The latter becomes a bargain 
whenever the rate at which spectra must be recom- 
puted exceeds f,/loge x VN (see box, “Update rate gov- 
erns sliding FFT’s efficiency”). For example, the slid- 
ing FFT would be preferable in a system that had to 
update a 256-point spectrum at any frequency greater 
than 1/4 the sampling rate. 

Finally, consider the fact that the sliding FFT is 
eminently suitable for hardware implementation. The 
block diagram (Fig 4) depicts a basic design for an 
N-point sliding FFT unit. One of the two FIFO regis- 
ters represents the window that slides over the input 
data, and the other represents the recursively-updated 
frequency spectrum. The ROM contains the exponen- 
tial phase-shift terms. 

The system clocks the input data sequence (at the 
sample rate f,) into the FIFO register at the left. The 
oldest sample (x,) is subtracted from the newest sam- 
ple (x,4Nn). The previous spectral data is clocked 
through the second FIFO register at a much higher 
rate (N xf;). As the mth point, Xkqy), emerges from 
the FIFO register’s output, it is summed with 
Xk+N— X, and multiplied by the mth entry in the phase- 
shift ROM, ej(27m)/N, resulting in the mth point in 
the updated spectrum, Xk+1(,). 
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From the block diagram in Fig 4, you can see that 
the inherent simplicity of the sliding-FFT algorithm 
lends the algorithm to a very straightforward hard- 
ware realization. Further, you can easily include paral- 
lel paths for arithmetic operations. Well-designed par- 
allel computation paths will give you very high data 
rates. 
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POWER NEWS 


Advertisement 


High Performance N-Channel 
PowerMOS Transistors 


A new family of nearly 200 n-channel 
PowerMOS transistors from Philips 
Components offers the highest perform- 
ance available, yet costs no more than 
existing devices. The BUK family of 
transistors spans low, medium and high 
voltages (up to 1000 V), and includes 
devices for use in such applications as 
automobiles and inverters. 


The low-voltage transistors have cell 
densities of 1.6 million cells per square 
inch, which results in drain-source on- 
resistances as low as 25 m0. This feature 
is a key measure for PowerMOS devices, 
and corresponds to drain currents up to 
56 A. Philips’ new BUK family includes 
14 low-voltage logic-level devices for 
12 V battery operation in automotive 
and industrial applications, and 13 high- 
voltage FREDFETs for bridge or half- 
bridge applications in motor control, 
uninterruptible power supplies and 
inverters. 


There are 74 low-voltage transistors with 
crystal sizes between 6 mm? and 20 mm?, 
and with maximum drain-source volt- 
ages between 50 V and 200 V. Even the 
lowest voltage transistors in the family, 
such as the 50 V BUK453-50A, can carry 
up to 22 A drain currents because of 
Rpsony values as low as 80 mQ. 


There are 72 medium-voltage devices 
with drain-source voltages between 
400 V and 600 V. These devices include 
400 V transistors with Rpsion) values of 
400 m{Q and maximum drain-source cur- 
rents of 14 A, and 600 V devices with 
Rpson) Values of 800 mQ, passing cur- 
rents of 10 A. 


Thirty-eight high-voltage transistors 
withstand between 800 V and 1000 V. 
These include 800 V devices with Rpsion) 
values down to 1.50 and corresponding 
drain-source currents above 8 A, and 
1000 V transistors with Rpsion) values of 
20, passing currents of nearly 7 A. 


Switching times are in the low tens of 
nanoseconds, allowing the transistors to 
operate at frequencies up to 10 MHz in 
resonant power supplies, for example. 
The devices are available in a choice of 
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five packages, from the SOT-186 — a fully 
isolated version of the TO-220, which 
dissipates up to 30 W - to the SOT-93 
(TO-218), which dissipates up to 250 W. 
Devices in other packages are in devel- 


opment. 
CIRCLE NO 259 


Range of SensorFETs Provides 
“Loss-less” Load Protection 


By dedicating a few of its cells to current 
sensing, this range of SensorFETs from 
Philips Components provides “loss- 
less” overcurrent, or short-circuit, pro- 
tection for a wide variety of automotive 
and industrial applications. 

Unlike most power MOSFETs, which 
detect load currents using a high-power 
resistor, these new SensorFETs use some 
of their current-carrying cells to direct a 
proportion of their current — a few mil- 
liamps — to an external control-regula- 
tion circuit. 


The four SensorFETs that make up the 
BUK700 series can be used whenever 
current limiting is needed to protect 
equipment - such as motor drives — from 
damage. The BUK793 and BUK795 have 
maximum drain-source voltages of 50 V 
or 100 V. 


These SensorFETs have densities of 1.6 
million cells per square inch, the highest 
in the industry for these types of 
devices. This density cuts the drain- 
source on-resistance to between only 
40 mQ and 800 m2, depending on the 
device, and leads to current- handling 
capacities of up to 40A for the 50V 
devices and up to 25 A for the 100 V 
devices. 


The SensorFETs come in TO-220 Pen- 
tawatt packages. Samples are available. 


CIRCLE NO 260 
11 A High-side Switch for 


Automotive Applications 


A new MOS Intelligent Power Switch 
has a drain-source, on-resistance Rpsion) 
of only 330, four to eight times lower 
than that of other such devices. Called 
the BUK196-50, the new device from 
Philips Components passes a drain- 
source current of only 11 A and its 
Rpswon) matches the low contact resis- 
tance of mechanical relays, making it a 
suitable replacement for such relays in a 
variety of automotive and industrial 
applications. 


The BUK196-50 is an n-channel transis- 
tor that fits on the battery-side (high- 
side) of the load. It incorporates short- 
circuit and thermal protection, and fea- 


. tures current-sensing circuits. An integ- 


CONTENTS OF AMODULE FOR MULTIPLEX WIRING 


ral charge pump boosts the car-battery 
voltage to ensure that the MOSFET satu- 
rates fully, even when the battery volt- 
age falls to 6 V. A status indicator signals 
that the device is functioning, thus clos- 
ing the feedback loop between the drive 
and switch. 


The device connects directly to the 
industry standard decoders for the mul- 
tiplexed bus systems that will appear in 
the next generation of automobiles. 


The low on-resistance comes from the 
high cell density — 1.2 million cells per 
square inch — of the BUK196-50. The 
high cell density also leads to the 
device’s 11 A rated current, which is 
maintained even with a case tempera- 
ture of 85 °C and battery voltage as low 
as 6 V. The low on-resistance also leads 
to low losses — the device has a low quies- 
cent current of less than 10 wA. 

The transistor also has a maximum 
drain-source voltage rating of 50 V. Its 
projected MTBF is as good as the stand- 
ard Philips MOSFET. 


The BUK196-50 comes in a TO-220 Pen- 
tawatt package. Samples will be availa- 
ble in November. 
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Design Feature 


Spice techniques 
facilitate analysis 
of feedback circuits 


New, easy-to-apply methods for using Spice 
allow you to obtain accurate gain and phase 
information for closed-loop analog circuits 
that use negative feedback. The new tech- 
niques eliminate the loading errors caused 
by the blocking inductor and the coupling 
capacitor traditionally used to block and in- 
ject signals in Spice simulations. 


Steven C Hageman, Calex Manufacturing Co Inc 


Spice, the venerable analog circuit simulator devised 
by the University of California Berkeley (Ref 1), is 
useful for the analysis and measurement of the feed- 
back properties of analog circuits. Traditional Spice- 
based methods use large-value inductors and capacitors 
to open the feedback circuit for ac analysis while still 
allowing Spice to find the proper de operating point. 
In simple or close-to-ideal circuits, these methods work 
fine, but in the analysis of less-than-ideal circuits, er- 
rors arise because of improper loading caused by the 
loop-injection capacitors and inductors. Although com- 
plex methods are available to handle these problems 
(Ref 2), the methods presented here do not disturb 
the loop impedances at all, and thus eliminate the need 
for “circuit mirroring” or, alternatively, the acceptance 
of errors that accrue from improper loading. 
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These methods also allow Spice to find the de operat- 
ing point. The techniques are especially useful with 
the latest PC-based Spice implementations that have 
graphical postprocessing that performs waveform 
mathematics (vector addition, subtraction, multiplica- 
tion, and division). These methods will work with any 
Spice implementation that provides “hand analysis” of 
output files; the techniques are applicable to non-Spice 
simulators as well. The examples that follow use Micro- 
Sim’s PSpice syntax (Ref 3). 


Transfer-function analysis 

Fig 1 gives the simplest example of waveform mathe- 
matics applied to feedback-loop circuits. This configura- 
tion is a common test circuit for determining the trans- 
fer function of an operational-amplifier inverter circuit. 
You can, of course, extend this analysis concept to any 
circuit configuration that has input-output nodes and 
a summing point at virtual ground. You run the analy- 
sis by setting Vyn to an ac magnitude of 1V. Frequency 
is the variable, and the desired output is node 3. In 
PSpice, the graphical-output command (see box, 
“PSpice’s Probe postprocessor syntax”) for the results 
at node 3 would be 


DB(V M(38)) 
VP(3) 


Transfer Function 
Transfer-Function Phase. 


This command syntax produces a display of the transfer 
function and phase response of the circuit (at node 3) 
as a function of frequency. 

All driving-voltage and -current sources use a unity 


173 


© 
res 
eS 
<§ 
gS 
ee 
sS f8 
Ss 
Sg 
~ R 
BES 
NY A 
= > 
tw, 
a 
© § 
2a S$ 
SR 
D> Q 
SS 
ea 
ez 
aN 
> 
Ss 


ods do not dis- 


h 
in any way 


. New simulation met, 


EVYVOYS 


dances 1 


impe 


turb loop 


1V ac or 1A ac) to make the outputs 


is, 


t value (that i 


inpu 


_ A 
"5. 
yo nN 
mB 
rae 
as 
~ 

i) 
5 8 
No 
AS 

—_— 
os, 
AS 
2S 5 
53 
a 

on 
= 5 
OC w 
a 
a 
BS 
~~ 
oe eee 
2s 
= 

w 
= 
ao ae 
Sores 
as 
SO 
Z 


dB(VM(3)) 


1S 


ys 


] 


ing ana 


e 


The node 3 result does not mark the end of the 


the ac value has no effect on the result 


accuracy 


z 
ie) 
fe 
O 
= 
rao) 
oO 
ne 
LL 
(ep) 
za 
x 
oc 
ke 


uu 
ep) 
<t 
a 
ou 
oD 


> ae 
SO ® 
a2sT 
moe 
Sts) 
fm 
3) 
Sas 
no) 
N's w 
Qa 
qos 
M 
32. 
ae 
D> on B 
oS 2.8 
ao hg 
a fe 
2S & 
2 
de "Sn. 
> O-s 
a Fm 
NM 
ee 
oS = 
oO w 
ao 
ee 
33% 
oO 
nm 
Si = a 
oo + 
SS s 
aoe 
De oe 
M 
soa 


Itaneously 


10n to simu 
S open-loop ga 


format 


d in 


both the op amp 


You can use this save 


d the 


In an 


’ 


ine 


determ 


fue ' 
ES* 
ae 
Les 
V9 s's 
— 
gs 8 
Ss Bes 
gS'5 
gos 
a. ~ 
= O35 
YS 
Ses 
=. 5s 
sgF 
3s SD 
ok 
BS 
Le s& 
n3S”N 
ss- 
e & 
gf's 
gS s 
SS) 
OP ss 
a5 | 
|.ss3 
pels aba 
= §s 3 
RES Ss 
! oS 
s Se 
Ea 
25° 
a, 
gos 
Sas 
te 3 
Q, x 
© ae 
2 
oo Op 
=e 
oO rs) 
aN > 
~~ Nn wb 
nm do 
oe 
Eas 
r sg 
oi Bb. 8 
aie 
as. Ss 
yo © 
— OS 
®D come 
ms 
Sar 
m 2.2 
abs 
Oo SS 
So & 


1ma- 


they are really only approx 


tions that hold true when f<<f, (the 0-dB frequency 
of the open-loop gain) and when the open-loop 
gain>>the loop gain. Therefore, use them with cau- 


tion. 
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Open-Loop Gain 


Open-Loop Phase 


le example shows the wealth of feed- 
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The classical Spice-based method of determining the 


Because these additional analyses are dependent on 
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loop gain of a feedback circuit is shown in Fig 2a. The 
large inductor and capacitor allow Spice to find the de 
operating point for the analysis at the same time as 
they open the feedback loop for the ac analysis. Vn 
is injected directly into the feedback path. The loop 
gain, determined from the analysis of node 2, is accu- 


LOOP GAIN 


rate only if the impedance looking into node 2 is much 
lower than the impedance looking into node 8 
(Zo<<Zs). : 

The drawback to this classical method is that the 
inductor-capacitor combination disturbs the impedance 
balance in the loop. If the loop gain is in any way 


Re 100k 


FREQUENCY 


eae rie. pene 


cy, but it is not 
ng factor in the 
1 of the circuit. | 
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Spice’s waveform-mathematics capabilities 
make tt possible to determine the gain and 
phase of any circuit with input-output nodes 
and a summing junction. 


LOOP GAIN =dB(VM(2)) 
PHASE = VP(2) 


LOOP GAIN = dB(VM(2)/VM(3)) 
PHASE = VP(2)— VP(3) 


Fig 2—A new Spice method contrasts sharply with the old technique. The circuit in a uses extremely high-value reactive components to 
provide ac blocking and coupling. The circuit in b introduces no extraneous components to the model and does not disturb circuit impedances 


im any way. 


dependent on the op amp’s output impedance or the 
feedback network’s impedance, the analysis will be er- 
roneous. Jaycox (Ref 2) has shown an elegant way to 
lessen the impedance imbalance by “circuit mirroring,” 
but this method increases the circuit size by 100% for 
each mirror. The method thus results in increased run 
times, and it vastly increases the circuit net list that 
must be derived. 

The new method shown in Fig 2b uses the waveform- 
mathematics capability of PSpice along with a stan- 
dard, Spice-independent voltage source. The independ- 
ent voltage source is an ideal entity in Spice; it exhibits 
zero series impedance and infinite parallel impedance. 
It is truly unrealizable in actual circuit design, but you 
can put it to good use with Spice simulations. In Fig 
2b, the voltage source itself breaks the feedback loop 
and does not change the impedance levels of the circuit 
at all. This scheme preserves the integrity of the feed- 
back loop while allowing a simple loop-gain analysis. 
The loop gain in Fig 2b is determined by 


DB(VM(2)/V M@8)) 
VP(2)-VP(3) 


Loop Gain 
Loop Phase. 


Using the transfer-function analysis described ear- 


lier, you can also find the open-loop gain (with the 
same restrictions). 

Fig 3 illustrates a method called “big-gun analysis.” 
This technique allows you to determine almost all loop 
parameters from a single run. The ideal Spice voltage 
source, inserted in the loop between nodes 1 and 2, 
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allows you to determine the following loop parameters: 


DB(VM(3)/V M(2)) Open-Loop Gain 
VP(8)-VP(2) Open-Loop Phase 
DB(VM(1)/VM(2)) Loop Gain 
VP(1)-VP(2) Loop Phase 
DB(VM@8)) Noise Gain 
VP) Noise Phase. 


OPEN-LOOP GAIN = DB(VM(3)/VM(2)) 
PHASE = VP(3) — VP(2) 


LOOP GAIN = DB(VM(1)/VM(2)) 
PHASE = VP(1) — VP(2) 


NOISE GAIN = DB(VM(3)) 
PHASE = VP(3) 


Fig 3—“Big-gun analysis” determines almost all loop parameters 
from a single Spice simulation run. These parameters include open- 
loop gain, loop gain, noise gain, and phase. The secret to the method 
is the insertion of an ideal voltage source between nodes 1 and 2. 

iss ee cabanas: Nina eaccaratees tant ohetdcdvoainone sale ois 2 aaneenhin, cree 
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REAL INPUT IMPEDANCE = VM(1) 


REAL OUTPUT IMPEDANCE = VM(2) 


Fig 4—An ideai current source aids in determining input and output impedances. The 1A ac source allows Spice to read the input 
impedance (a) by simply reading the voltage at node 1; when applied to the amplifier’s output (b), the source produces a voltage reading 


that equals the output impedance of the circuit. 


Zsource = 1/IM(Vs) 
ZLoAD = 1/IM(VL) 


Fig 5—You can measure source and load impedances simultane- 
ously. Vs and V_, are zero-valued voltage sources. The reciprocal 
of the measured current in these sources 1s the real part of the 
impedance in ohms when Vin=1V ac. The large blocking capacitor, 
Cc, provides near-ideal coupling to the source VyN. 


You can determine all of these important loop pa- 
rameters in a single PSpice run without incurring any 
penalty on run time, thanks to the fact that PSpice 
stores the results of each node in the analysis. Using 
a circuit setup like the one in Fig 3, you can determine 
important loop parameters like gain and phase mar- 
gins, as well as information on how the circuit will 
respond to amplifier noise. 


Zn and Zour analyses 

Other useful information about generalized feedback 
circuits includes input- and output-impedance values. 
You can determine these parameters by using a Spice- 
model independent 1A current source connected to the 
input or output nodes of the feedback circuit, as shown 
in Fig 4. : 
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PHOTODIODE 
MODEL 


OPEN-LOOP GAIN =DB(VM(6)/VM(2)) 
PHASE = VP(6)-VP(2) 


NOISE GAIN = DB(VM(6)) 
PHASE = VP(6) 


Fig 6—This low-noise photodiode amplifier circuit uses a com- 
pound-amplifier block that limits the noise gain of the circuit but 
does not reduce the I/V bandwidth. Vin is the independent ac source 
used for the Spice feedback analysis. The accompanying Spice run 
of Listing 1 uses the “big-gun” analysis technique. 


You determine the input impedance by placing a 
1A independent ac current source on the input to the 
feedback circuit. The impedance is 
VM(1) Real Part of Input Impedance (). 

In similar fashion, you can determine the output 
impedance of a feedback circuit by placing a 1A inde- 
pendent ac current source on the output of the circuit. 
The impedance is 


VM@) Real Part of Output Impedance ((). 
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OPEN-LOOP GAIN 


Paes 


Fig 7—Spice-derived open-loop gain, noise gain, and phase characieristics of Fig 6’s circuit are visible in these plots. The various poles 
and zeros of the open-loop gain and the noise gain are evident from the breakpoints in a. The plot in b gives the phase response of the amplifier. 


Of course, you can derive the loop gain and the open- 
loop gain of the feedback circuit from these runs as 
well (again with accuracy restrictions). 

Epler (Ref 4) has shown a way to extend the output- 
impedance measurement to allow the simultaneous 
measurement of both the source and load impedance. 
Fig 5 shows the circuit needed to perform this analysis. 
Spice only allows the measurement of current in volt- 
age sources (although PSpice has extensions to this 
capability), hence the two zero-value independent volt- 
age sources, Vs and Vj. The reciprocal of the current 
in these sources is the real part of the impedance in 
ohms when Vy has a value of 1V ae. Cc is a de- 
blocking capacitor that has a value of 1 GF. Some 
circuit-analysis programs (for example, some Spice ver- 
sions) can have problems with such a large-value ca- 
pacitor during matrix inversion. If such problems oc- 
cur, use a smaller value for Cc. 


Putting it all together 

You can use each of the described methods sepa- 
rately, or you can write any and all source combinations 
into a Spice net list at the same time. Simply set the 
desired source on with an “ac 1” statement or off with 
an “ac 0” statement for the particular analysis you 
wish to run. For example, you can use the big-gun 
analysis with the transfer-function analysis. By setting 
the desired sources either on or off, you can obtain the 
proper Spice run. This flexibility exists because an 
independent source in Spice, when turned off, displays 
ideal passive characteristics and will not disturb the 
circuit’s impedance levels. 

Some practical examples are useful to illustrate the 
workings of these Spice methods. For instance, you 
can design a low-noise photodiode amplifier (Ref 5) 
by using a compound-amplifier block that will limit the 
noise gain of the resulting circuit but that won’t reduce 
the I/V bandwidth. As shown in Fig 6, this circuit 
consists of a model of an HP5082-4204 photodiode at 
the input of a 2-op-amp amplifier, in which Vy serves 
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SWITCH LC OUTPUT FILTER 


LOOP GAIN = DB(VM(30)/VM(50)) 
PHASE = VP(30) — VP(50) 


MODULATOR GAIN = DB(VM(30)/VM(90)) 
PHASE = VP(30) — VP(90) 


ERROR-AMP GAIN = DB(VM(90)/VM(50)) 
PHASE = VP(90) — VP(50) 


Fig 8—Spice finds application in power-supply designs, too. The 
simulation of this buck-type regulator (a) provides gain and phase 
for the loop, the modulator, and the error amplifier, as well as the 
regulator's output impedance. The equivalent circuit (b) correctly 
models all small-signal loop dynamics of the regulator. 
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Because Spice linearizes a circuit around 
the chosen dc operating point, this quiescent 
point has no effect on the ac analysis. 
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Methods to lessen the impedance imbalance 
introduced by adding large capacitors and 
inductors to a circuit model result in larger 
circuits and longer run times. 


as the independent ac source used for the feedback 
analysis. 

The simulation goal is to analyze the open-loop gain 
for the compound amplifier and determine the noise 
gain of the circuit. The resulting PSpice input net list 
is shown in Listing 1. The big-gun method was the 


technique of choice for the analysis run because the 


noise gain and open-loop gain can be found with the 


MODULATOR GA = 


IN 
dB(VM(30)/VM(90)) NN 


PHASE (DEGREES) 


FREQUENCY (Hz) 


Fig 9—Spice-generated modulator gain and phase plots for Fig 
8’s circuit clearly show the resonant frequency of the modulator’s 
LC filter, as well as the zero caused by the capacitor’s effective series 
resistance. 


LOOP GAIN 
dB(VM(30)/VM(50) 


D 
uw 
Ww 
o 
O 
Ww 
= 
Ww 
” 
< 
x 
a 


FREQUENCY (Hz) 


Fig 11—Loop gain and phase for Fig 8’s buck-type regulator are 
visible in these Spice-derived plots. The loop gain is the result of 
adding the modulator gain and the error-amplifier gain. The ap- 
proximately 60° phase margin is evident at the point where the gain 
plot crosses the 0-dB threshold. 
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same nodal data. The Spice net list is also shown in 
Listing 1. | 

Figs 7a and 7b show the output of the analysis run. 
As predicted (Ref 5), the noise gain shows a zero at 
1/(2mR,1Cp) or 245 Hz, a pole at 1/(2mR,Cg) or 795 
Hz, and a midband gain of 1+Cp/Cg or 12.5 dB. You 
can clearly see the zero in the open-loop gain plot at 
1/(2m7R4C}) or 3.4 kHz. 


ERROR-AMP GAIN 
dB(VM(90)/VM(50)) 


PHASE (DEGREES) 


FREQUENCY (Hz) 


Fig 10—Spice provides gain and phase information for the error 
amplifier in Fig 8’s circuit. Clearly visible in these plots is the zero 
produced by the error amplifier. The error-amplifier gain is simply 
the log ratio of the gains at nodes 90 and 50. 


OUTPUT VOLTAGE 


FREQUENCY (Hz) 


Fig 12—Volts equate to ohms in this output-impedance plot for 
the buck-type regulator in Fig 8. The plot clearly shows the low 
impedances at low frequencies, as well as the impedance peak at the 
resonant frequency of the LC filter in the modulator. 
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gain, set Vyn to ac 1 and Iopyr to ac 0. To run the 
output-impedance analysis, set the sources in the oppo- 
site way. 

It’s worthy to note that you could have determined 
the modulator and error-amplifier gain and phase plots 
from the output-impedance analysis run. This alterna- 
tive exists because the current source, Iot7, impresses 
a voltage on node 30, and this voltage propagates 
throughout the loop, thus making it possible to meas- 


ure the gains around the loop. 
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KE SERIES 
HIGH-POW/ERED, SINGLE-OUTPUT 
MULTIPLE SELECTION 


CHOOSE FROM, 


KEC ELECTRONICS, Inc.’s KE SERIES of 
high-power, single out-put DC switching 
power supplies combine high power and 
compact packaging to meet a broad range 
of applications. They are available in 750 
and 1000 Watt configurations, with 
additional outputs up to 3KW in the 
near future. KEC’s quality manufactur- 
ing ensures reliable performance and 
operating integrity under the severest 
environments. 


The KE SERIES single output switching 
power supplies feature PALS (Programmed 
Automatic Load Sensing) for load line drop 
compensation, power failure signal out- 
put, and remote programming. Additional 
features include voltage regulation, fan- 
cooling and built-in protection against 
overload and overvoltage conditions. 

All units are UL and CSA approved and 


EMI filter conforms to FCC Class Aon 
conduction noise. 


KEC makes it easy to choose the exact 
power supply to meet your standards. 
Select from over 200 standard products or 
have KEC’s engineers custom-design a pre- 
cision switching power supply just for you. 
Discover the real Multiple Choice in 
power supplies—Discover KEC!! Write 
for your FREE literature and informa- 
tion kit or call KEC toll-free today! 
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“KEC—BRINGING MORE POWER TO YOU” 
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PRICE...POWER. 


At $995, MAXI/PC is the most power- 
ful integrated schematic capture/PCB 
layout package available...guaranteed! 
Developed by the world’s foremost 
supplier of PCB CAD software, 
MAXI/PC offers you the most advanced 
capabilities of our high-end systems, 
designed to run on the low-cost PC. 

MAXI/PC can tackle your toughest 
boards—dual in-line, multilayer designs, 
as well as double-sided, surface-mount 
designs. Powerful features such as auto- 
matic component placement, automatic 
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UARANTEED... 


.. oN PCB CAD SOFTWARE 


gate and pin swapping and automatic 
routing take you from schematic cap- 
ture to PCB manufacture faster and 
more cost effectively than ever before. 
MAXI/PC offers you the combined 
Racal-Redac experience of over 20 
years in the EDA field and of more 
than 5,500 proven installations world- 
wide. Its high functionality will meet— 
even exceed—your requirements today. 
And with its upward compatibility, 
enable you to migrate to one of our 
premier systems as your needs grow. 
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AXI/PC 


PCB CAD SOFTWARE 


30-Day Money Back Guarantee 


MAXI/PC gives you the right power 
and functionality...for the right price. 
And guaranteed satisfaction, or your 
money back. It’s a no-risk offer you 

can’t afford to miss. 


Order Today! 


We accept check/money order, Visa 


and MasterCard. RACAL-REDAC 


1-508-692-4900 238 Littleton Road, P.O. Box 365 
a a Ne eee Westford, MA 01886-9984 
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WHEN YOUR pP CODE DEMANDS THIS KIND OF 
PERFORMANCE, SPEED IS OF THE ESSENCE. 


AVMAC™ assemblers can make 
your high-performance design 
a winner, too. 


In Formula | racing, performance is 
everything. And the sport’s pP-based 
instrumentation is no exception. 

That’s why SRD Co., Inc. chose the 
AVMAC 8096 assembler to develop their 
state-of-the-art racing dynamometer — 
a device sophisticated enough to simul- 
taneously calculate every parameter of 
Formula | performance — all before the 
vehicle has moved 4 inches! 

In the critical assembly language 
phase of development, AVMAC “was 
a must.” 


The race is on: in personal pP 
development tools, Avocet 
sets the standards. 


AVMAC’s standard-setting speed 
and sophistication were needed to write 
the complex multi-tasking operating sys- 
tem at the heart of SRD’s dynamometer 
(patent pending). When you need a 
macro assembler that really performs, 
AVMAC can give you the same advantage. 

AVMAC supports all the most 
popular chip families and offers you en- 
hanced compatibility with Intel, Motorola, 
Hitachi, and other chip makers. 
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What's more, every package comes 
complete with our AVLINK™ linker, 
AVLIB™ librarian, AVREF™ cross-refer- 
ence generator, HEXFORM™ object file 
utility, plus a 250+ page user’s guide. 


The last lap: 
Compatible simulation /debugging. 


When it’s time to test your target 
code, choose our unique AVSIM™ simu- 
lator/debugger. It offers detailed, full- 
screen CPU simulation that eliminates 
the need for additional hardware. 

Best of all, AVSIM is designed for 
compatibility with AVMAC and our new 
Avocet C Compilers—the ideal combina- 
tion for cost-effective code development 
—from start to finish. 


es. 
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SYSTEMS, 


INC* 


THE SOURCE FOR QUALITY PERSONAL pP DEVELOPMENT TOOLS. 
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Getting to the finish line: 
try before you buy. 
When you order AVMAC or AVSIM, 


we'll include a special demo kit that you 
can try for 30 days. 

If you're not satisfied for any reason, 
return the unopened software for a full 
refund—less the $35 demo/documenta- 
tion which is yours to keep. 

Discover the power of AVMAC and 
the entire line of Avocet pP/uC develop- 
ment tools. Affordably priced. With 
comprehensive technical phone support. 
And delivery in 48 hours, even overnight. 

If you're in the development race, 
we'll get you to the checkered flag in 
record time. 


Avocet Systems, Inc., 120 Union Street 
P.O. Box 490Bs, Rockport, Maine 04856 

*In Maine, or outside U.S., call (207) 236-9055 
TLX: 467210 Avocet CI * FAX: (207) 236-6713 


©1988 Avocet Systems, Inc. All rights reserved. Avocet logo and name, AVMAC, 
AVSIM, AVLINK, AVLIB, AVREF and HEXFORM are registered trademarks of 
Avocet Systems, Inc. 
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Design Feature 


Logic-analyzer interface — 
assists in 68030 
program debugging, 


Real-time program developers can use all 
the tools they can get. Once you learn how 
to build a trace-interface circutt for a logic 
analyzer, you can gain external access to 
the MC68030’s debugging feature and fil- 
ter out unimportant bus cycles as well. 


Don Atkins, Motorola Inc 


Aids for debugging a program during the development 
stage are undeniably indispensable. Debugging a real- 
time program is particularly vexing because you can’t 
stop the program while you evaluate the execution of 
events. In real-time robotic, automotive, and industrial 
applications, the target system has to keep operating 
to determine if the control program in question is func- 
tioning properly. 

To facilitate program development, Motorola’s family 
of MC68000 Ps include an internal facility that allows 
you to trace instructions while you debug a program. 
The MC68030 wP provides additional output pins that 
give you external access to the internal facility during 
real-time operation. By decoding the wP’s extra out- 
puts and control signals, you can monitor real-time 
program operation on a logic analyzer. 

External tracing lets you examine key parameters 
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while the uP is executing a program. For example, 
you can detect an instruction boundary, which indicates 
the end of an instruction cycle during program execu- 
tion; you can detect if the execution unit is discarding 
prefetched operations in the pipeline, and you can de- 
tect whether read and write accesses are hitting the 
on-chip cache memories. 

To maximize the potential of external tracing, you 
must fulfill two requirements. First, the external- 
tracing circuitry must be synchronized to the wP’s bus 
activity. Second, the circuitry must generate a sam- 
pling signal that qualifies conditions and eliminates ex- 
traneous clock cycles that you don’t want or need to 
analyze. 


Tracing takes advantage of wP features 

Before you can build a trace-interface circuit, you 
must understand how the pP performs some of its 
basic operations. The MC68030 has two modes for 
transferring data. In the synchronous mode, it has to 
wait until the device it wants to communicate with 
sends the STERM (Synchronous Termination) signal, 
indicating to the wP that the device is ready for data 
transfer. In the asynchronous mode, the 68030 has to 
wait till the device responds with the DSACK1 or 
DSACKO signal (or both). To trace data into and out 
of the uP, both modes must generate a sampling signal 
when valid data is on the bus. 

During program execution, the 68030 prefetches in- 
structions and operands to keep three stages of its 
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By decoding the P’s control signals and 
extra outputs, you can monitor the real-time 
operation of a program on a logic analyzer. 


instruction pipeline full. The pipeline allows the execu- 
tion unit to perform concurrent operations of as many 
as three words of a single instruction or as many as 
three consecutive instructions. Instructions predomi- 
nantly execute sequentially; however, it is possible that 


- ASSERTED FOR 


DSACKO 


DSACK1 


CLK 
AS 
RESET 
STATUS 
REFILL 


STERMQ 


the execution unit won’t operate on some prefetched 
data. For example, when a program encounters a 
change-in-flow instruction, such as a branch, jump, 
subroutine-call or return statement, the »P must flush 
the pipeline and refill it with the instructions desig- 
nated by the change-in-flow statement. These state- 
ments cause the pP to assert the REFILL signal, 
signifying that the instruction pipeline is reloading. 

The STATUS signal lets you externally trace the 
progress of the execution unit and certain exceptions 
as they occur. The external trace circuit ascertains 
existing conditions by counting the number of clock 
cycles when a STATUS signal occurs (Table 1). 


Cache tracing is hit or miss 

Typically, external circuitry is incapable of tracing 
access operations to a location in the internal cache 
memory of a pP. However, the MC68030 provides an 
external address reference to locations in its on-chip 
cache memory. Because the 68030 implements a write- 
through policy, you can build a circuit that traces all 
write operations. If a cache hit occurs on a write cycle, 
the. wP will update both the external device and the 
location in the on-chip data cache referenced by the 
lower byte of the address word. If a cache miss occurs 


STATUSQ 
REFILLQ 


ecsa. | 8] 
Stenma}] | 9 


Fig I—Developing the qualifying signals to. externally trace program execution within a 68030 ~P and display it on a logic analyzer 
requires an interface circuit. Fortunately, you can build such a circuit with only a few ICs. 
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) EQUATIONS 


Fig 2—The PALI6R6D logic device uses these defined input and 
output signals for its internal logic functions (a). You can use the 
accompanying logic equations (b) to program the PAL for the trace- 
interface circuit. 
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on a write cycle, only the external device will be up- 
dated and no data will be entered into the data cache 
memory. If a hit occurs on a read cycle, the lower 
byte of the address word will provide an address refer- 
ence to the location in the on-chip cache memory. 

When the MC68030 wishes to transfer data to an 
external location, it places that particular address on 
the address bus and drives the ECS (External Cycle 
Start) signal low on the rising edge of the clock signal. 
If a hit occurs in one of the two internal cache memories 
or in the cache holding register, the »P will abort the 
external-transfer cycle. During the transfer operation, 
the least significant byte on the address bus serves 
as the reference for where the hit occurred in the 
on-chip cache memory. ue 

If no hit occurs, the »P will assert the AS (Address 
Strobe) signal to validate the address before the next 
rising edge of the clock signal. The on-chip MMU (mem- 
ory management unit) translates its virtual address 
to an external physical address. The MMU does not 
use the least significant byte (Ap through A7) in the 
translation process. 

Fig 1 shows the hardware required to decode the 
signals from the 68030 so that you can debug a real- 
time program on a logic analyzer. All of the nine input 
signals, DSACKO, DSACK1, CLK, AS, RESET, 
STATUS, REFILL, STERM, and ECS, attach to the 
68030 P in the system under development. The inter- 
face generates six output signals, PHALT, FILL, EP, 
IK, SAMPLE, and ECSC, to aid in capturing and 
analyzing real-time data. (A seventh output signal, SC, 
or Status Complete, is only used to generate state 
diagrams.) The logic analyzer connects to these signals 
to qualify information on the address and data bus. 
The system’s CLK signal externally clocks the logic 
analyzer for synchronization. The logic analyzer cap- 
tures the data on the falling edge of the CLK signal 
when the SAMPLE signal is high. 


A PLD does most of the tracing 

It is the programmable logic device (in this case the 
PAL16R6D) that generates the qualifying signals for 
logic analysis. Fig 2a defines the signals available on 
the pins of the PAL, and Fig 2b lists the PAL logic 
equations. Fig 3 is a state-machine diagram for the 
PAL. 

Any one of the following five conditions will cause 
the interface hardware to assert the SAMPLE signal. 

1. The beginning of an external bus cycle, indicated 
by the assertion of the ECS command. 
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The trace-tnterface circuit generates a 
sampling signal to qualify the events and 
eliminate extraneous clock cycles. 


2. A hit in the internal cache or cache holding regis- 
ter, indicated by the assertion of the ESC signal and 
without the AS command being asserted before the 
next clock cycle. 

3. The encountering of an instruction boundary by 
the »P’s microsequencer. 

4, The processing of an exception by the pP. 

5. The occurrence of a double bus-fault, which auto- 
matically halts the pP. 

The PHALT signal indicates a double fault on the 
system bus and signifies that the wP requires a reset 
signal to continue operation. The interface asserts the 
PHALT signal when the wP sets the STATUS signal 
for more than three cycles. The PHALT signal gener- 
ates a SAMPLE signal. | 

The FILL signal indicates a break in the sequential 
execution of the program instructions. Actually, the 
FILL signal is a latched REFILL signal from the pP. 
It remains latched until the assertion of the next SAM- 
PLE signal. The assertion of the FILL signal does not 
generate a SAMPLE signal. 

The EP (Exception Pending) signal indicates that 
the MC68030 is beginning exception processing for 
either a reset, bus error, address error, spurious inter- 


rupt, autovectored interrupt, F-line instruction, MMU 
address translation cache miss, or external trace. The 
EP signal asserts itself if the STATUS signal negates 
after two or three clock cycles. The assertion of EP 
generates a SAMPLE signal. 

The IE (Instruction Executed) signal indicates the 
completion of an instruction by the pP’s execution unit. 
The wP asserts the STATUS signal for one clock period 
every time the execution unit finishes executing an 
instruction. The trace-interface circuitry detects this 
condition and issues the IE signal. The assertion of 
the IE signal also generates a SAMPLE signal. 

The trace-interface circuit uses the SECS (Sampled 
ECS) signal generated by the PAL and the latched 
ECS (ECSQ) signal to derive the ECSC (External Cy- 
cle Start Condition) signal. The ECSC command, in 
conjunction with the AS signal, determines if the ad- 
dress bus and data bus are valid for the current SAM- 
PLE signal. Table 2 lists which bits are valid for the 
possible combinations of conditions for the AS and 
ECSC signals. The assertion of the ECSC signal does 
not generate a SAMPLE signal. 

Although logic analysis is possible without a trace- 
interface circuit, it is difficult because you have to weed 


STATE- 
DIAGRAM 
SYMBOL 


EQUATION 


SYMBOL DEFINITION 


PROCESSOR HALTED 
STATUS COMPLETE 
EXCEPTION PENDING 
INSTRUCTION EXECUTED 
LATCHED STATUS SIGNAL 


STATUSQ 


Fig 3—This state-machine diagram elucidates the logic equations of Fig 2b. The state of the latched STATUS signal (ST) determines 


which state transition occurs on each rising clock edge. 
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Make it friendly. 
Touch it. 


Design a system that gives you a 
competitive edge. Make it simple to 
use. Easy to learn. Make it friendly. 

With a touch input system from 
Carroll Touch, the world’s leading OEM 
Supplier of touch products. 

Discover the full line of solutions 
Carroll Touch offers. From infrared to 
overlay touch products. Select from a 
wide range of standard add-on units in a 
variety of sizes. Or from a line of fully 
integrated computer displays equipped 
with touch. Or specify your own unique 
requirements. 

Once you've chosen the Carroll Touch 
product that’s right for your system, you'll 
discover even more. Exceptional quality 
and ruggedness. High reliability. Low 
maintenance. Making touch more affordable 
and cost-effective than ever. 

Whether it’s sophisticated test equipment 
for automotive technicians. Or a medical 
diagnostic system for patient care. Make 
your next system friendly. Touch it. Begin 
by calling 512/244-3500. 


Carroll Touch 


a subsidiary of AMP Incorporated 


PO. Box 1309 

Round Rock, Texas 78680 
512/244-3500 Telex 881906 
CIRCLE NO 118 


If a Int occurs on a read cycle, the lower 
byte of the address word will provide an 
address reference to the location in the on- 
chip cache memory. 


through so much data. The trace-interface circuit filters 
out the “noninteresting” clock cycles so that the logic 
analyzer displays only the cycles important for debug- 
ging. Listing 1, a logic-state listing, uses the trace- 
interface circuit to generate a display for a logic ana- 
lyzer. In this example, 25 samples display a function 
that copies a source string to a destination string until 
the function encounters either a null character or a 
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hexadecimal 0. Without a trace-interface circuit, 99 
samples show up when the logic analyzer takes a sam- 
ple on every falling edge of the system clock. Because 
the extra 74 cycles occur when there is no external 
bus activity or when no instruction-execution informa- 


tion is provided by the STATUS and REFILL signals, 
they are not relevant to program debugging. 


Author’s biography 

Don Atkins is an applications design engineer for Motorola’s 
high-end-wP semiconductor-products sector (Austin, TX). 
His duties includes application support for the M68000 and 
M88000 Ps. He received a BSEE degree in 1982 from the 
University of Illinois. In his spare time, Don enjoys boating 
and waterskung with his wife and two children. 
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PILCO=AN INDUSTRY 
TAILORED PC. 


In order to consent the use of a PC architecture in the industrial 
field, ASEM INDUSTRIA S.p.A., with the pluriannal know-how of 
ASEM GROUP, makes it possible with a product based on the 
CMOS technology and using the EUROCARD format, 
maintaining a complete Software and Hardware compatibility 
with all the PC available on the market. 
This system is completed by a rich family of 1/0 digital and 
analog boards and some emulators based on EPROM and RAM 
BBU boards which make available the MS-DOS 3.20 system in ROM. 


Comunicare 


INDUSTRIA 


ASEM INDUSTRIA spa - Via Nazionale, 21 
33010 Reana (UDINE) ITALY - Tel. 0432/880200 
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Noise Calculations in Op Amp Circuits 


Alan Rich 


Noise calculations in op amp circuits are one of the most 
confused calculations that an analog engineer must perform. 


One cannot just look at noise specifications; the total op 
amp circuit including resistors and operating frequency 
range must be included in calculations for circuit noise. A 
“low” noise amplifier in one circuit will become a “high” 
noise amplifier in another circuit. 


As apart of this Design Note, an IBM-PC or compatible com- 
puter program, NOISE, has been written to perform the noise 
calculations. This program allows the user to calculate cir- 
cuit noise using LTC op amps, determine the best LTC op 
amp for a low noise application, display the noise data for 
LTC op amps, calculate resistor noise, and calculate circuit 
noise using noise specs for any op amp. At the end of this 
Design Note there are detailed operating instructions for the 
computer program NOISE. 


To calculate noise for an op amp circuit, one must consider 
the op amp voltage and current noise density and 1/f corner 
frequency, the frequency range of interest, and the resistor 
noise. 


The most comprehensive specification for voltage or current 
noise is the noise density frequency response curve as 
shown in Figure 1. 


VOLTAGE NOISE (nV/VHz) 


1 
1 10 100 1k 10k 100k 
FREQUENCY (Hz) 


Figure 1. 


There are two distinct regions to consider: 

1. The high frequency part of the curve shows the shot noise 
and is independent of frequency. 

2. The low frequency part of the curve is the 1/f noise as 
shown by a rapidly increasing noise density. In low 
frequency applications, the 1/f noise limits the minimum 
level of noise. The point on the curve where the asymp- 
totes of the shot noise and 1/f noise intersect is the 1/f 
corner frequency. 


To calculate the total RMS noise of an op amp over a 
bandwidth: 

N=NOx VFC x LN (FHIFL) + (FH - FL) (Equation 1) 
Where N is the RMS current or voltage noise measured from 
a lower frequency FL to an upper frequency FH and NO is the 
current or voltage shot noise density with a 1/f corner 
frequency FC. 


Consider an audio preamplifier using an LT1037 as a simple 
inverting circuit (Figure 2) and the corresponding noise 
model (Figure 3). 


R2 
100k 


Figure 3. Noise Model 


EN is the voltage noise of the op amp, EN1 is the voltage 
noise developed by the current noise in resistors R1 and R2, 
EN2 is the voltage noise developed by the current noise in re- 
sistor R3, ER1 is the voltage noise of R1 and R2, and ER2 is 
the voltage noise of R3. 


Since we are using an LT1037 over the audio frequency range, 
NO=2.5nV/iVHz, FC=2.0Hz, FH=20kHz, FL=20Hz. 
Plugging into Equation 1: 


EN =2.5 x V2 x LN (20kHz/20HZ) + (20kHz — 20Hz) 
EN = 354nV, RMS 


To calculate EN1, first the current noise must be calculated 
using Equation 1 and a current noise density of 0.57pA/ 
VHz and 1/f corner frequency of 120Hz. 


IN =0.57 x V120 x LN (20kHz/20H7z) + (20kHz — 20Hz) 
IN =82pA, RMS 


IN will flow into the parallel combination of R1 and R2. 

EN1 = 82pA x 1k || 100k = 82nV, RMS 
similarly, EN2 results from IN flowing in R3. 

EN2 = 82pA x 1k = 82nV, RMS 
The voltage noise of the resistors must be calculated next. In 
general, resistor noise is given by: 

ER=v4xKxTXRx(FH-FL) - 
Where K is Boltzman’s Constant, 1.39 x 10-22 T is tempera- 
ture (K), R is the resistor value, FH is the upper frequency, and 
FL is the lower frequency of interest. 


At 25°C, this equation reduces to: 
ER=VRx(FH-FL) x1.28x 10-” 
To calculate ER1 we must consider R1 in parallel with R2, 


ER1 = v(1k || 100k) x (20kHz-20Hz) x 1.28x 10- 
ER1 =570nV, RMS 


similarly, to calculate ER2, 


~ER2=V1k x (20kHz-20Hz) x 1.28x 107” 
ER2=570nV, RMS 


To calculate the total noise of the audio preamplifier using an 
LT1037, the RMS sum of the individual terms must be 
calculated. 

TOTAL NOISE = VEN? + EN12+ EN22 + ER12+ ER22 

TOTAL NOISE = V353? + 80° + 802 +570°+570? =880nV, RMS 
To calculate p-p noise, multiply the RMS noise times 6; the 
total peak-to-peak noise is 5.3uV for this preamplifier. 


It is important to realize this noise is referred to the input of 
the circuit; to obtain the output noise level, the input noise 
must be multiplied by the noise gain which can be different 
from the circuit gain: 

OUTPUT NOISE = TOTAL NOISE x NOISE GAIN 

OUTPUT NOISE = 880nV x 101 = 89,V, RMS or 534uV, peak-to-peak 
It should be noted that design techniques to optimize DC 
performance will frequently result in higher noise. For exam- 


ple, to minimize DC errors, a balance resistor is often placed 
in the +Input of an op amp to compensate for an error volt: 
age created by bias current flowing in gain setting resistors 
connected to the —Input. This resistor will increase the out- 
put noise since op amp noise current must flow through the 


resistor, and thus create a voltage noise generator. For mini- © 


mum noise levels, the resistor in the + Input should be 00. As 
a side note, for precision op amps (LT1001, LT1007, OP07) that 
employ bias current cancellation techniques, this resistor 
should be 02 to minimize DC errors since the bias current 
equals the offset current. 


Instructions for Operating NOISE 
NOISE is a general purpose computer program to calculate 


noise in op amp circuits. It will run on any IBM-PC compatible 


computer with a direct call from DOS. 


Noise specifications and data for Linear Technology op amps 
(LT10XX) are contained in the program’s data file. All noise 
specifications are based on typical specifications at 25°C. 


To operate NOISE: 

1. Boot the system with DOS and wait for DOS prompt “A>”. 
2. Insert the NOISE.EXE program disk into the A disk drive. 
3. Type “NOISE” and <return>. 


Operation in NOISE is menu driven throughout the program 
with default values on all parameters initially. 


Best Op Amp for Lowest Noise vs Source Resistance 


SOURCER BEST OP AMP 

(Req) @ WIDEBAND (1kHz) 
00 to 4000 LT1028 
4000 to 1k LT1028 
1k to 4k LT1028,LT1007/37 
4k to 15k LT1007/37 
15k to 30k LT1001, LT1007/37 
30k to 70k LT1001 


LT1001, LT1012 

LT 1055/56/22, LT 1057/58 
LT1012, LT1006/13/14 
LT1055/56/22, LT 1057/58 
LT1012, LT1006/13/14 
LT1055/56/22, LT 1057/58 


70k to 150k LT1012 


150k to 600k LT1012, LT 1006/13/14 


600k to 2M LT1012 
LT 1055/56/22, LT 1057/58 


2M to 10M LT1055/56/22, LT1057/58 LT1012 
LT 1055/56/22, LT 1057/58 
>10M LT 1055/56/22, LT 1057/58 LT1055/56/22, LT 1057/58 


For literature on low noise op amps, ora 5 1/4” 


“NOISE” disk, call 800-637-5545. For applica- 
tions help, call (408) 432-1900, Ext. 361. 


Linear Technology Corporation 
1630 McCarthy Bivd., Milpitas, CA 95035-7487 © (408) 432-1900 
FAX: (408) 434-0507 © TELEX: 499-3977 


IM/GP 988 165K 
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DESIGN IDEAS 


LISTING 2 


Elements of the eet 5: 0 2 5 7 10 
Design a ete te A2-x2 

a0 = INV(x3) dz-1 45 = INV(x5) d7 = INV (x3) 

All remaining data eee should be set to 0 


Design #2: AO-x3, Al-x0, A2-x1 
dod “INV(x2) d4 = INV (x2) a5 = INV( x2) 
d2 = x2 dé = x2 . 
All remaining data inputs should be set to. a. 


i 


, Desten | #3: AQ- — A1-x3, A2-x0 
dt (a5 = 

dz a 

Aly remaining data inputs should be set to 0 


a . Ww 


Design 84: A0- i A1l-x2, A2-x3 | 
INV (x0) a1 > INV(x0) a5 = INV(x0) 
d2 = x0 aS = x0 
at remaining | sae inputs should be set to 0 


do 


u 


Press any key to return to Turbo Pascal 


by assigning the input data to the multiplexer’s address 
inputs judiciously. An optimal assignment, therefore, 
uses the fewest inverters. 

To use the program in the Listing, first specify your 
logic function in canonical minterm format and then 


translate the minterms into decimal numbers. For ex- 
ample, the Boolean function 


f = X9X9X1X0 + 
X3X0X] 5s 
X9XjXg + 
X9X1 Xo. 

In canonical form is 
f= X9X9X1X0 a 
X3X9X1X0 ae 
X3X9X1X9 + 
X3X2X1X0 + 
X3X9X1X(. 


You can represent these minterms as a set of binary 
numbers—B = (1001, 1010, 1011, 0101, 1101)—or as 
a set of decimal equivalents—> = (9, 10, 11, 5, 18). 
Enter the set of decimal numbers corresponding to 
your function’s minterms when the program prompts 
you for it. The program will then print out all possible 
input assignments for the multiplexer’s address pins 
that result in valid outputs. You then simply select the 
assignment that uses the fewest inverters. Listing 2 
shows the results for the set > = (0, 2, 5, 7, 10). Note 
that assignment 3 uses no inverters. EDN 
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Turbo circuit ensures glitch-free switch 


Wayne Jeong 
Eaton Corp, Ion Beam Systems Div, Austin, TX 


The simple circuit in Fig 1 generates a dual-speed clock 
for personal computers. The circuit synchronizes your 
asynchronous switch inputs with the master clock to 
provide glitch-free transitions from one clock speed to 
the other. The dual-speed clock allows some programs 
to run at the higher clock speed in order to execute 
more quickly. Other programs—for example, programs 
that use loops for timing,— can still run at the lower 
speed as necessary. The circuit will work with any 
master-clock frequency that meets the flip-flops’ mini- 
mum-pulse-width specs. 

Two D flip-flops (IC; and IC9) and an XOR gate 
(IC3) form a binary divider that develops the 6- and 
12-MHz clocks. When the NT signal is low, the reset 
pin forces the 6-MHz output low. On the other hand, 


196 


NORMAL/TURBO 


MASTER-CLK 
(24 MHz) 


Fig 1—This binary divider generates a dual-speed clock for per- 
sonal computers and synchronizes your asynchronous switch inputs 
with the master clock to provide glitch-free transitions from one 
speed to the other. 
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transformers 


3 KHz-800 MHz 
over 50 off-the-shelf models 


from %29° 


Choose impedance ratios from 1:1 up to 36:1, 
connector or pin versions (plastic or metal case built 
to meet MIL-T-21038 and MIL-T-55631 requirements”*). 
Fast risetime and low droop for pulse applications; 

up to 1000M ohms (insulation resistance) and up to 1OOOV 
dielectric withstanding voltage). Available for 

immediate delivery with one-year guarantee. 


Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 


*units are not QPL listed 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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Happiness is an Acopian 
Multiple-Output Power System 
...0eCause It'S shipped to you In only 9 days. 


You'll be happy too when your Acopian power system 
arrives, fully assembled, wired and tested. You won't 
have to wait long, because Acopian will ship it in only 
9 days after receiving your order! 

To have a system designed for you, call the toll-free 
number below and ask for the Power Systems Depart- 
ment. Tell us your voltage and current requirements. 
Also, specify the operating features and accessories 
you want, such as voltmeters, ammeters, front panel 
controls, handles and chassis slides. 


P.O. Box 638, Easton, PA 18044 
Call toll-free (800) 523-9478 


We'll promptly call you back with a detailed 
description, firm price and a specially assigned model 
number. Then, only 9 days after your order is received, 
your power system will be on its way to you. 

If you would prefer to select the power modules to 
be used in your system, call and ASK FOR OUR 
52-PAGE CATALOG. It includes specifications, 
drawings and prices for our full line of single-, dual- 
and triple-output power modules, all shipped bearing 
this reminder... 


SHIPPE 


D DAYS 


D WITHIN 


Me. Wan 


In Pennsylvania, call (215) 258-5441. 
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when the NT signal is high, IC3 blocks the 12-MHz 
output. Therefore, only one of the two clock signals 
passes through IC3 and gets clocked into ICg. Because 
the MASTER-CLK signal clocks ICg, asynchronous 
switching of the NT signal can’t generate an output 


pulse shorter than 41 psec (1/24 MHz). Also, the 
synchronization eliminates glitches. 
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Simple calculation finds probabilities 


Charles Capps 
Delco, Goleta, CA 


You don’t need a computer to solve problems involving 
the reliability of complex systems. Using a simple, 4- 
function calculator, you can solve two classes of prob- 
lems: First, given the reliability of individual subsys- 
tems, you can determine the overall reliability of a 
system; and second, you can determine the number of 
subsystems you need to achieve a certain level of reli- 
ability. 

The difficulty of obtaining an exact solution for these 
problems increases nonlinearly as the number of parts 
in a circuit, or circuits in a system, increases. But 
following a simple algorithm yields a good approxima- 
tion. 

First, assuming you can get reliability figures for 
each component on a pe board, or subsystem in a sys- 
tem, arrange the probabilities in a horizontal, 1- 
dimensional vector array, A(N), where N is the number 
of components or subsystems. 

Next, construct a 2-dimensional array, B(2N —1, N). 
Load this array with binary numbers beginning with 
0 and ascending in sequence to 2N—1. Then, for each 
row of B, perform the following transformation. If bj ; 
is a 0, replace the 0 with 1—a,; if bj; 1s a 1, replace it 
with a;. Then multiply all the numbers of each row 
together and place the results in a vertical vector C(N). 
Adding up the elements of C(N) that correspond to 
the rows of B that have the same total numbers of 
ones (or zeros) yields all the possible combinations of 
probability of success or failure. 

For example, suppose an airplane carries three navi- 
gational computers. Two have a probability of 0.65 of 
successfully guiding the airplane from one airport to 
the next; the third has a probability of 0.75. What is 
the probability that the airplane will arrive at its desti- 
nation and what are the probabilities that only one 
computer, or perhaps two computers, will fail? 
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Fig 1—In this example of the composite-reliability algorithm, you 
first place the reliability of each of three subsystems into the horizon- 
tal vector, A. Next, you transform the 2-dimensional, binary-loaded 
vector, B, row-by-row according to the entries in A. Then you multi- 
ply all the entires of each row of B together to form the vertical 
vector, C. Summing related rows of C yields approximations of the 
probabilities associated with all possible combinations of success 
and failure. 


Fig 1 shows the steps in the algorithm. From the 
vertical vector, C(N), you can see that the probability 
that all computers might fail is 0.031. Adding rows 4, 
5, and 6 of C(N) (rows correspnding to the rows of B 
having only one 0) yields a probability of 0.448 that 
just one computer will fail. Similar sums indicate that 
a probability of 0.206 that two computers will fail and 
0.317 that no computer will fail. EDN 


To Vote For This Design, Circle No 748 


199 


DESIGN IDEAS 


One-shots tame tone decoder 


V Lakshminarayanan 
Centre for Development of Telematics, Bangalore, 
India 


Adding a pair of one-shots to the output of a 567 tone 
decoder renders it less sensitive to out-of-band signals 
and noise. Without the one-shots, the 567 is prone to 
spurious output chatter. Other protection schemes, 
such as feeding back outputs or using an input filter, 
do not work as well as the one-shots. 

In Fig 1’s circuit, the output of the 567 is high in 
the absence of a tone and becomes low when it detects 


67404 


197474 


a tone. The tone decoder triggers a one-shot via an 
AND gate. The one-shot’s period is set to slightly less 
than the duration of a tone burst. When the output of 
the tone decoder goes low, it triggers the second one- 
shot. The second one-shot’s period is set to slightly 
less than the interval between tone bursts. The flip-flop 
enables and disables the inputs to one-shots such that 
spurious outputs from the tone decoder do not affect 
the output. 
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Fig I—A pair of one-shots and an arbitration flip-flop filter spurious transitions from the output of the 567 tone decoder. 
Se ee ee MeL ter ereee meee 1. OCr GPUTLOUS CN 


Software timer adapts to clock speed 


Gerald L Kmetz 
National Semiconductor Corp, Santa Clara, CA 


You can use the C-language functions in Listing 1 to 
build a software timer for IBM PC applications. The 
timer offers 1-msec resolution, and it automatically cali- 
brates itself despite variations in both clock speed of 
different PCs (or PC clones) and the different execution 
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speeds of run-time versions of these functions as com- 
piled by different compilers. 

Functions calibrate() and getcount() adapt the timer 
to different clock frequencies and execution speeds. 
You should call calibrate() before initializing any pro- 
gram that uses the timer function call. This calibration 
function determines the value of the global variable 
Control, which provides the key to accurate timing. 
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WITHOUT OUR | oa 
- DOUBLE SUPER-TWIST a 
DISPLAY, 


THIS AD WOULD BE . | 
_ THREE TIMES | 


If it weren't for Sharps new tech- which means we have DST of the first hand-held calculators, 


nology chances are youd still be displays available now in Sharp has been an innovative 


trying to read the headline above. quantity. E ach 
, at eS SHARP’S DOUBLE SUPER-TWIST DISPLAYS 
Thats because our display screen unit is fitted with : 


) DOT OUTLINE VIEWING | DOT 
offers unsurpassed brightness a duranle Ee an a SIZE 


ives] 640.400 Faia | 0.8%039 
ra0eoz| 723400. Pasoxa? [025030 


and clarity, with three times the acklight for 
contrast of conventional LCDs. bright, clear dis- 


Along with an increased viewing play. And each 


320.4x170.4x34 


angle, our double super-twist offers low drive 


display provides an image quality voltage, low power consumption, leader in LCD displays. To 


which approaches that of a and fewer temperature-depend- find out more about our new 


printed page. ent tone variations. double super-twist units, call 


What's more, Sharp is the Since the days Soy eae ARP 201) 529-8757. 


ELECTRONIC COMPONENTS DIVISION 


fit to succesfully develop amd TET TS SHARP IT'S CUTTING EDGE, 


mass-produce this technology— © 1988 Sharp Electronics Corporation, Sharp Plaza, Mahwah, N.J. 07430. 
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Function calibrate() first seeds Control with a value 
that’s appropriate for 4.77-MHz computers, and then 
adjusts this value by measuring the elapsed real-time 
counter (RTC) value. Function getcount() returns the 
RTC’s value before and after calling function timer(). 


for the variable Control. You should then edit this 
value for Control into your source files for future use. 
The counter is accurate to about 5% (one count in 20). 

To use the timer in your application programs, set 
the global variable Time to the desired delay in milli- 


seconds and then call the function timer(). The delay 


The RTC updates about 18.2 times per second. There- 
range is 1 through 655,586 msec. 


fore, the calibration routine uses a 1099-msec calibra- 
tion interval which works out to 20 counts of the RTC. 
When you compile and run the calibration routine, 


oe To Vote For This Design, Circle No 747 
it will report the RTC count and the calculated value 


LISTING 1 


/* test.c: self-calibrating software timer */ 


#include <math.h> 


unsigned int Time, Control; 
/* the following function main() is not part of the timer: it’s */ 
/* a program to test and optionally fine-tune the timer */ 
#define TEST 
void main (void) 
{ 
extern void calibrate(); 
calibrate; 
} 


/* calibrate timer for different clock speeds and compilers */ 
/* calibrate should be called when initializing the program */ 
void calibrate (void) 
{ 

extern void timer (); 

long start, stop, diff, getcount 0); 


ao i 
Time = 1099; /* value to delay 1099 msec */ 
Control = 142; /* initial seed value */ 
start = getcount();> {/* read RTC count at start */ 
timer (); /* trial delay of 1099 msec */ 
stop = getcount(); /* read RTC count at finish «/ 
diff = stop - start; /* get elapsed RTC count */ 

} while (diff < 0); /* avoid spanning 12am problem */ 


— 
= 


Control 
#ifdef TEST 
printf ("elapsed count 
#fendif 
} 


(int) ((20.0 * ({fi0al)Control / (float)diff) + 0.5); 


#id\tControl = d\n", diff, Control); 


/* get count from RTC counter */ 
long getcount (void) 


unsigned lowerword, upperword; 


int segment 0x0040; 


unsigned offset = 0x006c; 
lowerword = peek(segment, offset) ; 
upperword = peek(segment, offset + 2); 


return (((long)upperword << 16) | lowerword); 


} 

/* delay one millisecond and return */ 
void delaylms (void) 

{ 


int i> 
for (i = Control; i; i--) 
continue; 


} 


/* delay (Time) milliseconds and return */ 
void timer (void) 
{ 


long i; 
for (1 = Time; i; i-=) 
delaylims(); 
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Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 


UG cece ee ee 
Company 

Division (if any) 

Street 

Ay se 
Design Title 


Home Address _. 


Social Security Number eS 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 


Date 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 
ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 
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DAYLIGHT VISIBLE 
DISPLAYS sic' 


Display sizes: 11/2”, 4”, 6”, 9”, 12”, 18” & 24” 
ENERGY SAVING: IDEAL FOR: 


LJ Electromagnetic, bi-stable operation O Instrumentation 

CL) No bulbs to replace C Industrial controls 

CL) Maintenance-free C) Timing Devices 

CJ Indication remains with power loss CJ Toll Displays 

CL) Power used only to change display CJ Metering Displays 

CJ Use indoors or outdoors L) Production Line Displays 
CJ -40°C to 75°C 


Call or write for full information 


P.O. Box H, Bay Shore, NY 11706 
516-666-8000 

TLX: 6711657 

FAX: 516-666-8039 
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-AUDIOFILE — 


Sing it! Say it! Play it!...now in high fidelity! The new 
enhanced VP620E Voice Processor converts 20Hz to 
7.0 kHz audio inputs into ADPCM encoded digital data 
for hard disk recording on your PC/XT/AT/386 or 
compatible. Playback flawless, authentic audio when 
and where you want it from background DOS commands. 

Just plug it in, load menu driven software and 29 MB 
will give you 1 hr. of full fidelity digital audio from your 
PC. Its quick, easy and suprisingly affordable. 

Use it for telecommunications, broadcasting, 
robotics, interactive video, process control prompting, 
and other off-screen operator interface applications. 

Call 1-800-338-4231 (not Ca.) for facts on the new 
VP-620E 16kHz board that will make your PC sing! 


ANTEX 
ELECTRONICS 


16100 S. Figueroa St. * Gardena, CA 90248 = (213) 532-3092 « FAX (213) 532-8509 
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___TOKIN TECHNOLOGY UPDATE —s—y 


wh ich of the following features 
Tokin Piezoelectric Actuators? 


AN UNKNOWN PRODUCT 
THAT’S EVERYWHERE. 


Like microchips and fiber-optic 
cables, piezoelectric actuators are 


Stack types 
15 


products people use every day = E 
without even knowing it. They T h iI d 2 
make camera shutter releases CY a Q, a3 
more accurate, and electronic | | 
microscopes more precise. They with negligible variation from operation of many kinds of | A 3 
enable greater accuracy inrobot repeated compression and products. And the list of potential Foetus 
positioning, VCR head tracking expansion. applications is rapidly expanding.  Bimoreh types 
anc printing head driving. Ingp- Couldn't a piezoelectric 
plications from fine-displacement CAN YOU AFFORD TOBE actuator enhance or improve - 
elements for sub-micron position- WITHOUT TOKIN your product? Callustodayand = 
ing to fast-response, compact PIEZOELECTRIC find out more about the product 
solid element motors, the piezo- _ ACTUATORS? _ andthe company that’s makinga 2 
electric actuator is an intrinsic Tokin breakthroughs in piezo- big difference in a multitude of 
part of daily life. : electric actuators enhance the products. 3 
HOW TOKIN Performance ae 
MAKES IT BETTER. _ 


What's special about Tokin piezo- 
electric actuators is our unique 
manufacturing method: solid- 
sintering without adhesive 
material, using the thick-film 


multilayer see Com- : bee Now that you know what they do, 
bined with the MEAs onal how many new applications can you think of 


ress) process, it delivers the as 
si in mechanical strength for Tokin Piezoelectric Actuators? 


. 
| 
| 
| 
| 


® Tokin Corporation 
Head Office: Hazama Bldg., 5-8, Ni-chome, Kita-Aoyama. Minato-ku, Tokyo 107, Japan Tel: Tokyo (03) 402-6166 Fax: Tokyo (03) 497-9756 
Telex: 02422695 TOKIN J 


Tokin America inc. 

155 Nicholson Lane, San Jose, California 95134. USA. Tel: 408-432-8020 Fax: 408-434-0375 

Chicago Branch: Presidents Plaza 1, Suite 200N, 8600 W. Bryn Mawr, Chicago, IL 60631 Tel: 312-380-0030 Fax: 312-693-8334 

Munchen Liaison Office 

ElisabethstraBe 21, 8000 Munchen 40, Bundesrepublik Deutschland Tel: (089) 271 75 22 Fax: (089) 271 75 67 Telex: 5 24 537 tokin d 

You can reach our agents by phone: London 01-837 2701; Paris 1-45 34 75 35; Milan (0331) 678.058; Munich (089) 5164-0; Seoul (02) 777-5767, Taipei (02) 7311425; 
Hong Kong 3-315769; Singapore 747-8668 
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- erances to make sure finished 
‘switches are up to specifications— 
allthe time. | 


2. Better Slide Actuation 
of CTS DIPs foils possibility of 
accidental deprogramming and 
provides immediate visual check 
of switch positions. CTS has made 
only slide detent switches for 9 
years. Now others are making 
them the CTS way. Its nice to be 
copied. 


CTS means Reliabili 


ssses and piece part io 


contamination from bottom— 
easily removed heat sealed tape 
protects top of each switch. 


WRITE TODAY 
for catalog and full specifications 
on the complete CTS DIP Switch 
line. Contact CTS Corporation, 
Switch Division, 500 Linne Road, 
Paso Robles, California 
93446. : 

Phone: (805) 238-0350. 
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CTS CORPORATION ¢ ELKHART, INDIANA 


Series 198 Programmable 
shunt networks 

Phone: (805) 238-0350 
CIRCLE NO 88 


Voltage Controlled 

Crystal Oscillators 
Standard and hybrid designs. 
Phone: (815) 786-8411 
CIRCLE NO 89 


package. 
Phone: (805) 238-0350 
CIRCLE NO 90 


processes, Epoxy sealant p prevents : 


DIP Ritaniater. Switchable 
attentuator in standard DIP 


NEW side actuated switches, right angle 
switches and 4PDT circuitry. Plus low profile 
or extended actuator styles: SPST. SPDT. DPST. 
DPDT or 4PST circuitry; MIL approved ver- 
sions; special markings, top/side: from 2 to 12 
switch sections. All very competitively priced 
with off-the-shelf availability from CTS Distrib- 
utors or early delivery from the factory. 


Call TOLL FREE 1-800-982-0030 
for name and location of nearest 
CTS Sales Engineer 


Series 770 New conformal 
coated SIP networks. Phone: 
(219) 589-8220 
CIRCLE NO 91 
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COMPONENTS & POWER SUPPLIES 


ENCODERS 


® Available with a variety of out- 
puts 

© Lifetime of 50,000 cycles min 

Type EV and EH encoders are 
available with 2-, 4-, and 5-bit digi- 
tal outputs that are directly com- 
patible with pPs. All feature con- 
tinuous rotation with 36 detents/ 
revolution. The 2-bit devices pro- 
vide enough output for the wP to 
count the number of steps and de- 
termine the direction of rotation. 
The 4- and 5-bit versions provide a 
more complete set of information to 
the wP; each position has a unique 
code, and the setting is not depend- 
ent on the storage of information 
in local memory. This absolute- 
reference design means settings 
simply correspond to front panel 
markings, which eliminates the 
need for a support display. The op- 


HEAT SINKS 


® Compatible with wave-soldering 
systems 
® Accommodate a variety of pack- 
age styles 
Series 5817-19 heavy-duty extruded 
heat sinks can accommodate TO- 
218, TO-247, and TO-38P semicon- 
ductor packages. Designed to pro- 
vide maximum thermal perform- 
ance in minimum pc-board space, 
the vertically mounted units have 
four fins and measure 0.64-in. 
square. They are available in 
heights of 1, 1.5, and 2 in., and fea- 
ture tinned wave-solderable mount- 
ing pins to eliminate stress on semi- 
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erating range for each of the three 


models spans 0 to 85°C. Minimum > 


rotational life specs at 100,000 cy- 
cles for the 2-bit models and 50,000 
cycles for the 4- and 5-bit models. 
$1.39 to $1.51 (1000). Delivery, 


conductor leads. The 2-in. model 
5819B has a thermal resistance of 
approximately 13°C/W under natu- 
ral convection and 2.8°C/W at 500- 
ft/min air velocity. The aluminum 
alloy heat sinks have a standard 
black anodize finish, but other fin- 
ishes are available. $0.49 (1000) for 
the l-in. high model. Delivery, 
stock to six weeks ARO. 

Aavid Engineering Inc, Box 400, 
Laconia, NH 03247. Phone (603) 
528-3400. 
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DC/DC CONVERTER 


@ Accepts 9 to 27V de inputs 
® Can achieve efficiencies over 80% 


Featuring a 70-kHz MOSFET- 
based switching design, the 
1285.3000XC de/de converter ac- 
cepts any input from 9 to 27V de 
and outputs 5V at 3A. Pulse-by- 
pulse current monitoring provides 
8 hours min of short-circuit protec- 
tion. The converters achieve 80% 


stock to eight weeks ARO. 
Allen-Bradley, 1414 Allen-Bra- 
dley Dr, El Paso, TX 79936. Phone 
(800) 592-4888; in TX, (800) 292- 
A888. 
Circle No 395 


min efficiency at loads as low as 20% 
of full load. Key specs include 0.2% 
line and load regulation, 30-mV p-p 
output noise, 0.3%/1000-hour long- 
term stability, 500V dc isolation, 
and a —25 to +80°C operating 
range. An internal thermal-limit 
circuit shuts down the unit when 
the case temperature exceeds the 
specified high-temperature limit. A 
logic-shutdown pin allows you to 
conserve system energy by toggling 
the converter on and off. The pin 
is toggled with an open-collector 
TTL/CMOS control protocol. Filter 
circuits provide conducted-noise 
protection for the input and output, 
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and a 6-sided shielded case provides 
RFI protection. $120. 

Calex Mfg Co Ine, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. Phone 
(415) 982-3911. TLX 269888. FAX 
415-932-6017. 
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TRANSDUCER 


@ Measure positive or negative 
pressures 

© Accommodate corrosive fluids 

Tronic 881 Series pressure 
transducers and Tronic 891 Series 
pressure transmitters can measure 
the positive or negative pressures 
of liquid or gaseous media. They 
feature a stainless-steel construc- 
tion and moisture-resistant cable 
connectors that allow them to oper- 
ate in corrosive environments. Sen- 
sor, compensator, and amplifier cir- 
cuits are shock-mounted in a sealed 
stainless-steel body filled with a sili- 
con compound. Both series are 


WIDE SELECTION 
Over 3,000 neat alae and 600 
hole patterns. 


PROVEN QUALITY 
Quality control in conformance to 
Military Standard (MIL-1-45208). 


ON-TIME DELIVERY 

A history of meeting delivery 
commitments — including 
“Just-in-time”’ 


FREE HEAT 
DISSIPATOR CATALOG 
36 pages featur- 

ing over. 125 tYDES peer 
of aluminum heat | =. = 
dissipators for 
popular semi- 
Onductor case 
types. Includes 
photos, outline 
drawings and 
specifications. 
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35 Years Pat Total Dedication to 
Cooling Electronic Circuits 


TECHNICAL SUPPORT 
Engineering assistance available 
upon request. 


COMPETITIVE PRICING 
Dedication to providing quality 
products at a competitive price. 


FREE HEAT SINK/DISSIPATOR 
PRODUCT AND THERMAL 
MANAGEMENT GUIDE 

152 pages of performance data 

on hundreds of 
heat dissipators 

and heat sinks. 
Includes a compre- 
hensive section on 
practical application 
criteria and 
selection of heat 
dissipator devices 
for semiconductors. 


available in standard pressure 
ranges from full vacuum to 10,000 
psig. The units have built-in protec- 
tion against reverse polarity, short 
circuits, and voltage spikes. The 
transducers operate from supply 
voltages of 20 to 32 or 15 to 32V 
de. They output 0 to 100 mV in a 
four-wire system. The transmitters 
have the same capabilities as the 
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PT] 


aoa 


INTERNATIONAL ELECTRONIC RESEARCH CORPORATION 
a subsidiary of Dynamics Corporation of America 
Facility Address: 135 W. Magnolia Bivd,, Burbank, CA 91502-9990 
TELEX Ik 910-498-2206 Mi FAX: 818-848-8872 


transducers but provide a 4- to 20-. 
mA output in a two-wire system 
and 0 to 5 and 0 to 10V de at 0 to 
20 mA in a four-wire system. The 
transmitters’ supply requirement is 
10 to 80V de. $250 to $500. 

WIKA Instruments Corp, Haup- 
pague, NY 11788. Phone (516) 435- 
0606. | 
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SENSOR 


®@ Available in either light- or dark- 
operate versions 

® Three models available 

ME photoelectric sensors are avail- 
able in three models: ME-300 (10-ft 
through-beam), ME-200Z (7-ft 
through-beam), and ME-D30 (1-ft 
diffused reflective). Standard sen- 
sor features include a detachable 
power cord and a 3-turn, racheted 
adjustment mechanism for fine sen- 
sitivity control. Slitter-filters are 
available for small object detection. 


CALL OR WRITE TODAY 
FOR COMPLETE DETAILS 


(213) 849-2481 
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The sensors are available in either 
light- or dark-operate versions. The 
ME-200Z has the capability of semi- 
transparent-object detection in a 
through-beam mode. From $40. 
Aromat Corp, Industrial Prod- 
ucts Div, 629 Central Ave, New 
Providence, NJ 07974. Phone (201) 
464-3550. 
Circle No 399 


BAR-GRAPH DISPLAY 
@ Single unit handles one, two, or 
three inputs 

® Single-supply operation 
Measuring 7.25x2.75 in., Model 
BP303 can accept one, two, or three 
inputs. Meter inputs meet standard 
analog sensitivity requirements per 
ANSI C39.1—4 to 20 mA, 1 to 5V 
de, 0 to 5A ac, and others. The unit 
operates from a 5V at 2A power 
supply. Options include digital dis- 
play, on/off setpoint control, green 
or amber LEDs, and custom logo/ 


artwork. From $500 to $690. Deliv- 
ery, eight to ten weeks ARO. 
Dixson Inc, Box 1449, Grand 


Junction, CO 81502. Phone (303) 
242-8863. TWX 910-929-6991. : 
Circle No 400 


THERMOSTATS 


© Withstand wave soldering and 
board-cleaning operations 

@ 100-mQ contact resistance 

Designed for use on pe boards, SD 

Series thermostats can withstand 

wave-soldering and all board-clean- 


‘ing operations. The alloy crosspoint 


switch contacts, designed to switch 


logic-level circuits, are operated by 
a snap-action bimetallic disc. The 
devices’ lifetimes spec at 10,000 cy- 
cles at 1A or 100,000 cycles at 100 
mA. Versions are available that 
open or close on temperature rise. 
Both groups operate to a +5°C tol- 
erance in 5° increments over the 
range of 40 to 120°C. Dielectric 
strength equals 500V ac at 60 Hz 
for 1 second. Contact resistance 


‘Stanley's Hi-super-bright. LED lineup includes the world’s 
brightest (3,000 mcd) red LED, plus a selection of other green, 
red and orange LEDs. Chip LEDs complement surface 
mounting panes for eos oo ct eae ole economy. 


 STanLey 
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ELECTRIC CO.,LTD. 


| Electronic Equipment Export Section 
| 2-9-13 Nakameguro, Meguro-ku, Tokyo 153, Japan 
Tel: 81-3-710-2557 Telex: 2466623 SECTOKJ 


Stanley LED/LCD Agents Overseas 


122124 Fax: 358-0-7014878 
29-0714 Fax: 33-1-4786-1601 


KG Tel. 49-8094-18152 Telex: 527353 Fax: 49-8094-18153 
(Nether lands) Tel: 31-1606-2651 Telex: 54145 Fax: 31-1606-3175 
11181 Fax: 46-8-83-2820 
41-1-4827711 Telex: 815200 Fax: 41-1-4825323 

Fax: 44-493-852443 
1-416-475-1412 Telex: 06-96-6559 Fax: 1-416-474-9105 
1-714-472-9524 Telex: 655328 Fax: 1-714-472-9783 


Tel: 46-8-734-8200 Telex: 


44-493-844911 Telex: 975441 


Stanley infrared LEDs, including the super-intensity, high-speed - 
series, are available in various wavelengths and a wide variety © 
of package types. Stanley photo detectors offer high-speed 
response and high sensitivity, ues ee ne ideal lig 
source-receiver combination. 


/TELETEKNO OY Tel: 358-0-717566 Telex: 

IA. JAHNICHEN & CIE Tel: 33-1-4780-6001 Telex: 
/ELITE ELEKTRONIK UND LICHT GmbH & Co. 
/LOHUIS LAMPEN BV. 

| /FERTRONIC AB 
/DEWALD AG Tel: 

/STC MERCATOR Tel: 
\/DESKIN SALES Tel: 
/AC. INTERFACE, INC. Tel: 
/PLEASE CONTACT DELCO 


A/S Tel: 45-2-277733 Fax: 45-2-277770 
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COMPONENTS & POWER SUPPLIES 


measures 100 mQ max, and the op- 
erating range specs at —50 to 
+ 150°C. The devices require no 
power for operation. $5 (500). 
Warren G-V, 1 Apollo Dr, Whip- 
pany, NJ 07981. Phone (201) 386- 
1200. 
Circle No 401 


LASER SENSOR 
@ Designed for high-accuracy 
measurement applications 
e Offers both analog and digital 
outputs 
The MQ-LA laser photoelectric sen- 
sor is designed for applications de- 
manding extremely accurate meas- 
urements. By utilizing laser and tri- 
ple-beam technology, it is capable 
of resolving down to distances of 
0.001 in. Provided with both analog 
and digital outputs (either relay or 
transistor), the unit can serve as a 
monitor through its +5V analog 
output or as a set-point detector. 


Two models are available—the 
LA40 for measurements between 1 
and 2 in. and the LA75 for distances 
of 2 to 4 in. The sensors are avail- 
able for panel or DIN-rail mount- 
ing. $975 (50). 

Aromat Corp, Industrial Prod- 
ucts Div, 629 Central Ave, New 
Providence, NJ 07974. Phone (201) 
464-3550. 

Circle No 402 


REPEATER 


® Conforms to IEEE 802.3 specs 
® Provides 500m transmission dis- 
tance 


The ANC-500 4-segment Ethernet 
repeater can extend the transmis- 
sion distance of a network cable 
segment more than 500 meters. It 
conforms to Ethernet/IEEE 802.3 
repeater specifications and the 
10M-bps Ethernet CSMA/CD oper- 
ating requirements. The repeater 


Compare to LH Series TMF! 


212-505-5340 


can retime and amplify packets 
from either Ethernet segment and 
-transmit them to other segments. 
It can also regenerate the preamble 
bits. The unit uses four transceivers 
and four cables to interconnect the 
four Ethernet segments. Maximum 


allowable segment-to-segment 
separation distance is 100m. $1450. 
American Network Connections 
Inc, 179 E Tasman Dr, San Jose, 
CA 95134. Phone (408) 922-1600. 

TLX 798562. FAX 408-922-1617. 
Circle No 403 


WORLD'S 
SMALLEST 
SMT QUARTZ 
CRYSTALS & CLOCK 
OSCILLATORS 


More power! Better specs! Better prices! 
@ Safety & EMI Geo AS 
@ Form & function equal 


@ 2 year warranty 
@ Direct from stock 


@ 42 models 
@ 1-5 outputs 
@ 5-48V, to 120A 


Now for a limited time — purchase 
small quantities @ 100 piece price! 


Call Toll Free 1-800-523-2332 


DEI 18 inc, |f 53% 215/699-9261 
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P.O. BOX 1369 ™ WISSAHICKON AVENUE, NORTH WALES, PA 19454 


TWX: 510/661-8061 


CIRCLE NO 20 


@ 10KHZ—35MHz @ Hi-temp mounting—260°C 
for 20 seconds @ Shock-resistant, leadless, 
ceramic chip carriers @ Low power use @ Hi- 
stability @ Low aging @ Standard frequencies 
—off the shelf 


Plus, the world’s smallest quariz crystals in ceramic 
and metal carriers with a full range of lead 
configurations for thru-hole mounting. 


yO am" an 
47i%— |] 


MICRO CRYSTAL DIVISION / SMH 
35 EAST 21st STREET, NEW YORK, NEW YORK 10010 
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That was then. 


Oscilloscopes!!? Fluke can get you almost any test and meas- 
urement gear you need, but sorry, we just don’t sell scopes. 


FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST &€ MEASUREMENT 


FLUKE 7, PHILIPS 


@ @ 
| I IS IS NOW. 
Fluke's line of Philips oscilloscopes represents a 50 year record of progress and 
innovation in oscilloscope technology. Today, Philips makes over 20 different models: 


real-time, analog storage, digital storage, and digitizing—from 20 MHz to 2GHz 
bandwidths; for benchtop, systems and portable use. 


PM 3340 2GHz digitizing oscilloscope 


TRIGGER 
gh reuoer 
@ srecwmonre 
Qo Sew. poWwR 


PM 3340 2 GHz repetitive signal digitizing oscilloscope with full range triggering, 
1 mV/div input sensitivity and 1.6 V dynamic range for signal detail 
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PM 3055 60 MHz, dual channel, third-channel PM 3065 100 MHz, dual channel, third-channel 
triggerview, delayed timebase oscilloscope triggerview, delayed timebase oscilloscope 


PM 3070 100 MHz, dual channel plus third-channel PM 3256 75 MHz, compact field oscilloscope PM 3350 Full performance analog and digital storage 


triggerview, delayed timebase oscilloscope with clever cursors oscilloscope with 100 MS/s sampling speed on both channels, 


and ZOOM function AUTOSET and deep reference memory 


PM 3296A 400 MHZ oscilloscope PM 3320A Single event digital storage oscilloscope PM 3286A 200 MH oscilloscope 
with AUTOSET, subnanosecond risetime, plus infra-red with 250 MS/s sampling (catches 3 ns glitches), 200 MHz with AUTOSET, subnanosecond risetime, plus 
remote control and IEEE bandwidth and 10 bit vertical resolution infra-red remote control and IEEE 
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"8506 612 - Digit Precision Thermal RMS Multimeter 
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The Fluke and Philips product line 
includes 299 instruments and hardware 
products, 36 software packages and 319 
accessories. We also have a challenge for 
you. See if you can pass this test: 


1. | would evaluate test and measurement 
equipment from a new supplier that 
offered better performance and value. 


_] True LJ False 


2.|am aware that Fluke now sells, serv- 
ices and supports Philips test and meas- 
urement equipment in North America. 


LJ True _] False 


3. | don’t buy out of habit, or because the 
Salesman bought me a terrific lunch. 


LJ True L] False 


lf you answered true to these three ques- 
tions, you’re ready for our challenge: Try 
something new. Take a look at the Fluke 
and Philips products you may not have 
considered before. You'll find them in 
the new Fluke catalog, along with all the 
technical data you'll need to make an 
intelligent comparison, before you buy. 
Call your local Fluke sales office, or 
1-800-44-FLUKE for your free 

catalog, today. 


Go ahead. We can meet the challenge. 
Can you? 


FREE Fluke and Philips Catalog 


Oscilloscopes Multimeters 
Signal Generators Logic Analyzers 
Counters/Timers  Calibrators/Standards 


Board Testers Data Acquisition 
Thermometers Operator Interfaces 
Plotters Systems 
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37 32 - Digit Analog/Digital 
Bench/Portable Multimeter 


Application 77 3BY2 - 23 32 - 
Software Packages  DigitHandheld Digit 
DMM Handheld 
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2393 “Tem Pak” Temperature 
Logging System 
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5440B Direct Volts Calibrator 
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System 


PM 8272 XY and Strip Chart Recorder 


A System 21 Modular 
GPIB Switching System 


742A-10K 
Resistance 
Standard 
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9100 Sertes IIO Module Helios-1 Computer Front End V 


And here's the ultimate challenge: 
Try to find a company that gives 


you better s 


When you buy Fluke or Philips products, you can count on getting more 


than the hardware you order. 


Because we also deliver Fluke service and support. We stand behind 
every Fluke or Philips instrument we sell, and we challenge you to find 


anyone in the industry who consistently backs up their gear better than us. 


PRODUCT SUPPORT: 


e The Best Service Warranty in 
the Industry? We warrant the entire 
instrument after we service it—not 
just the repaired portion. 

¢ Repair and Calibration Serv- 
ices. Complete certification and 
reporting is standard with Fluke 
Service. Services meeting MIL-STD- 
45662 and NRC standards are also 
available. 

¢ Standard Price Service. Select 
the service you need and pay a fixed 
price for a one-time repair or 
calibration. 

e Extended Warranty Service. 
Provides routine calibration at regu- 
lar intervals, repairs whenever they 
are needed, or both. 

¢ On-Site Service. For those cus- 
tomers with large systems or special 
service needs. 

¢ Emergency 48-hour Service. 
A priority service when downtime 

is Critical. 

¢ Module Exchange Program. For 
customers who wish to do their own 
board level repairs. 

e Blanket Service Agreements. 
A volume discount program for cus- 
tomers with large numbers of differ- 
ent products. 

¢ Replacement Parts for Serv- 
ice. A complete inventory of Fluke 
and Philips replacement parts, sub- 
assemblies and modules for custom- 
ers who do their own repair. 

e Update Kits to upgrade your 
existing instruments to newer per- 
formance specifications. 

¢ Pick-up and Delivery (at 
selected Fluke Technical Service 
Centers). 

¢ Product Reliability Data, 
Manuals, and Product Change 
Notices are available on Fluke and 
Philips products. Base sets of prod- 
uct change notices on Fluke products 
are also available on microfiche, as 
is an annual subscription service. 


*Certain Limitations. 


APPLICATION SUPPORT: 


¢ System Consulting and Inte- 
gration assistance on any Fluke and 
Philips product you are considering. 
¢ Applications Software Pro- 
gramming with a complete factory 
Staff of seasoned programmers. 

¢ Third Party Support. More than 
20 authorize, trained companies to 
assist in programming and integra- 
tion for specialized industries and 
disciplines. 


TRAINING SUPPORT: 


¢ Product Application and Main- 
tenance Courses and Technol- 
ogy Principles Seminars. Choose 
from 28 specialized courses on Fluke 
and Philips products, conducted reg- 
ularly around the U.S. and Canada. 

e Customized and On-Site Train- 
ing when and where you need it. 
TECHNICAL SERVICE 

CENTER LOCATIONS: 

Fremont, CA 

(415) 651-5112 

Irvine, CA 

(714) 863-9031 

Denver, CO (Aurora) 

(303) 659-1171 

Orlando, FL 

(305) 896-4881 

Palatine, IL 

(312) 705-0500 

Boston, MA (Billerica) 

(508) 663-2400 

Rockville, MD 

(301) 770-1576 

Paramus, NJ 

(201) 599-9500 

Dallas, TX 

(214) 869-2848 

Everett, WA 

(206) 356-5560 


Ontario, Canada 
(416) 890-7600 


ervice and support 


than Fluke. 


In fact, we've invested millions in facilities, people, training and replac 
ment parts. To provide you with the support you need in over 60 Tect 


nical Service Centers worldwide. 


Here’s a quick rundown of all the extras you can depend on when yot 


buy from Fluke. 
SALES OFFICE AREAS: 


AL, Huntsville 
(205) 837-0581 
AZ, Phoenix 
(602) 438-8314 
*AZ, Tucson 
(602) 790-9881 
*CA, San Diego 
(619) 292-7657 
*CA, Irvine 
(714) 863-9031 
*CA, Burbank 
(213) 849-7181 
CA, Fremont 
(415) 651-5112 
CO, Denver 
(303) 695-1000 
CT, Hartford 
(203) 659-3541 
DC, Washington 
(301) 770-1570 
*FL, Clearwater 
(813) 799-0087 
FL, Orlando 
(305) 896-4881 
*FL, Tampa 
(813) 251-9211 
GA, Atlanta 
(404) 953-4747 
IL, Chicago 
(312) 705-0500 
IN, Indianapolis 
(317) 875-7870 


*LA, New Orleans 


(504) 455-0814 


MA, Boston 
(617) 663-2400 
*MD, Baltimore 
(301) 792-7060 
Mi, Detroit 

(313) 522-9140 
MN, Minneapolis 
(612) 854-5526 


MO, St. Louis 
(314) 993-3805 


NC, Greensboro 
(919) 273-1918 


NJ, Paramus 
(201) 262-9550 
*NM, Albuquerque 
(505) 881-3550 
NY, Rochester 
(716) 323-1400 
OH, Cleveland 
(216) 234-4540 
*OR, Portland 
(503) 227-2042 
*OK, Oklahoma City 
(405) 236-2977 
*OK, Tulsa 

(918) 665-3530 
PA, Philadelphia 
(215) 647-9550 
*PA, Pittsburgh 
(412) 261-5171 
*TX, Austin 
(512) 459-3344 
TX, Dallas 

(214) 869-0311 
*TX, El Paso 
(915) 533-3508 
*TX, Houston 
(713) 240-5995 
TX, San Antonio 
(512) 340-0498 
WA, Seattle 
(206) 881-6966 


Canada (Ontario) 
(416) 890-7600 


*Tie line to another area. 
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NEW PRODUCTS 


INTEGRATED CIRCUITS 


BUFFER AMPLIFIER 

@ Offers 16-bit accuracy 

@ Features a 60-MHz bandwidth 
According to the company, the 
SP4010 is the first wide-bandwidth, 
fast-settling, FET-input buffer am- 
plifier to achieve 16-bit accuracy. 
Combining a unity-gain signal fol- 
lower with a transconductance feed- 
back architecture, the SP4010 fea- 
tures a slew rate of 1000 V/psec, a 
bandwidth of 60 MHz, and a settling 
time of 150 nsec to 0.005% for a 10V 
step. Other specifications include an 
input offset voltage of 1 mV (typ), 


FLASH A/D CONVERTER 


© Features 300-MHz response 

© Offers 5-bit resolution at 150 
MHz 

The 6-bit, 300-MHz SDA-8200 can 

digitize a 150-MHz analog-input sig- 


nal with an effective resolution of - 


5 bits. You can clock the converter 
by means of a single-ground sym- 
metrical sine-wave, thus avoiding 
the performance loss of an ECL 
clock. Because the analog input 
range is also ground symmetrical 
and the 12-pF input capacitance is 
nearly independent from the input 
voltage, simple 500 interconnec- 
tions are possible without an exter- 


EDN September 29, 1988 


an input bias current of 100 pA, and 
harmonic distortion of —100 dB at 
10 kHz and —80 dB at 1 MHz. The 
SP4010’s output of +50 mA at +5V 
is suitable for driving coaxial lines. 
Packaged in a 14-pin ceramic DIP, 
the SP4010 operates from +15V 
supplies and dissipates 360 mW of 
power. Commercial version, $44.50; 
military version, $82.50 (100). 
Sipex Corp, Hybrid Systems 
Div, 22 Linnel Circle, Billerica, MA 
01821. Phone (508) 667-8700. FAX 
617-667-8310. 
Circle No 380 


Beat Frequency Test 


nal preamplifier. Data capture is 
simplified by a demultiplexer that 
delivers two 150-MHz ECL data 
streams at the output. This feature 
slows down the output signal 
through two parallel 6+ 1-bit out- 
put data streams at half the sam- 


pling rate. The SDA-6200 comes in 
a 40-pin ceramic DIP. $170 (100). 
Siemens Semiconductor Group, 
2191 Laurelwood Rd, Santa Clara, 
CA 95054. Phone (408) 980-4534. 
Circle No 381 


DC/DC CONVERTER 


© Has a 5W-rated output power 

© Features a maximum output 
noise of 1 mV p-p 

The PWR1546A dec/de converter 

features an output noise of less than 

1 mV p-p (0.6 mV typ) over a de 

to 10-MHz bandwidth. The unit, 


which has as a 5W output capabil- 


ity, transforms a 5V input to a 
+15V output for powering sensi- 
tive analog circuits, such as data 
converters and high-gain amplifi- 
ers. The hybrid IC uses linear regu- 
lators to fully regulate each output, 
and its input-output isolation can 
withstand 750V de continuously. 
The converter’s MTTF (calculated 
per MIL-HDBK-217 Rev E) is over 
890,000 hours. $42.00 (100). 
Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TLX 666491. TWX 910-952- 
1111. 
Circle No 382 


CMOS pP 

@ Performs at a 10-MHz rate 

@ Has on-chip clock-oscillator cir- 

curt 

The Z84C01 8-bit CMOS pP incor- 
porates a Z80 CPU and an on-chip 
clock generator/controller operat- 
ing at 10 MHz. It accepts either 
erystal- or TTL-level source inputs. 
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INTEGRATED CIRCUITS 


The Z84C01’s features include the 
full 158 Z80 instruction set, three 
processing modes, and an on-chip 
dynamic RAM refresh controller. 
The wP consumes 35 mA of current 
in the operating mode and 0.5 pA 
in the standby mode. Two mode- 
select pins allow you to accommo- 
date all application and timing re- 
quirements. The device operates 
from a single 5V supply and dissi- 
pates a maximum of 250 mW. 44-pin 
PLCC, $4.50 (100). 
Zilog Inc, 210 Hacienda Ave, 
Campbell, CA 95008. Phone (408) 
370-8000. TWX 910-338-7621. 
Circle No 383 


3A REGULATOR 


@ Has a dropout of 1.5V max 
@ Operates at a 1V input-output 
differential 

The LT1085 is a 8A positive adjust- 
able regulator. It can operate at an 
input-to-output differential as low 
as 1V, and has a maximum dropout 
of only 1.5V at maximum current. 
On-chip trimming adjusts the refer- 
ence voltage to 1%. The device is 
pin-compatible with other 3-termi- 
nal regulators such as the LM150 
and LM350, but has about 50% 
lower dropout at maximum current, 
according to the vendor. The IC re- 
quires the use of a 10-wF capacitor 
to achieve its performance. The qui- 
escent current of the device flows 
into the load, which helps improve 
its efficiency. $3.70 (100). 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (408) 432-1900. FAX 
(408) 434-0507. 

Circle No 384 
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COMPARATOR 


@ Has 5.5-nsec speed 

@ Includes a hysteresis function 
Pin-combatible with the Am685, the 
LT685 is a high-speed, 5.5-nsec 
comparator. To improve switching 
time with slow input signals and to 
minimize oscillation, the compara- 
tor employs hysteresis. A single re- 
sistor between the hysteresis pin 
and V — adds input hysteresis volt- 
age as the circuit draws more cur- 
rent. The differential inputs and 
complementary outputs of the 
LT685 are fully compatible with 
ECL logic levels. A latch function 
lets you use the comparator in an 
S/H mode. The device’s output cur- 
rent can drive 500 lines. The input- 
offset voltage is +2 mV. Packaging 
includes a 10-pin TO-5 metal can, a 
16-pin plastic DIP, and a 16-pin ce- 
ramic DIP. Commercial versions in 
a plastic DIP, $4.50 (100). 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (800) 637-5545. 

Circle No 385 


MATH COPROCESSOR 

@ 32-nt floating-point type 

e Has a clock speed of 33 MHz 
Offering a clock speed of 33 MHz, 
the 68882 second-generation 32-bit 
floating-point math coprocessor 
conforms to the IEEE Standard for 
Binary Floating Point Arithmetic. 
Apollo Computer (Chelmsford, MA) 
is the first company to announce a 
68030-based workstation incorpo- 
rating the 33-MHz coprocessor. The 
device is software compatible as 
well as pin compatible with its 
predecessor, the 68881. According 


to the vendor, the 68882 is the first 
single-chip processor to break the 
2-million Whetstone barrier. $708. 
Delivery, 60 days ARO. 

Motorola Inc, Microprocessor 
Products Group, 6501 William Can- 
non Dr W, Austin, TX 78735. Phone 
(512) 440-2839. 

Circle No 386 


IGNITION PREDRIVER 


© Features a 200-mA output drive 
current 
® Has a saturation voltage of less 
than 0.5V 

Designed primarily for automotive 
applications, the CS-345 drives and 
controls an external power transis- 
tor or FET to start and regulate 
inductive load currents. An input 
control voltage between 0.9 and 
3.5V triggers the chip’s output 
driver into saturation, with a maxi- 
mum drop of 0.5V. An external re- 
sistor sets the CS-345’s output drive 
current (200 mA max). A sense in- 
put monitors the load current and 
sets the regulation to a user-se- 
lectable level. Once the IC begins 
regulating the load current, the 
status pin switches from a logic-1 
to a logic-0. When the control input 
switches to a logic-0, the output 
transistor goes into cutoff and shuts 
off the drive current to the load. 
The CS-345 is packaged in an 8-pin 
DIP. $0.94 (1000). 

Cherry Semiconductor Corp, 
2000 South County Trail, E 
Greenwich, RI 02818. Phone (401) 
885-3600. TLX 6817157. FAX 401- 
885-5786. 

Circle No 387 
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INTEGRATED CIRCUITS 


DUAL DRIVER 


© Provides a floating high-side out- 
put 

© Features LSTTL compatibility 
The IR2110 monolithic power IC 
drives the gates of a pair of n- 
- channel power MOSFETs. It pro- 
vides the interface between a logic- 
level control circuit and a high- 
voltage, high-current, half-bridge 
converter. The IC can drive insu- 
lated gate bipolar transistors, as 
well as power MOSFETs. The dual- 
channel driver features a floating 
high-side output, with a source volt- 
age to 500V above ground and a 
eround-referenced low side output. 
Separate pin-outs let you employ a 
lower voltage bias for the logic func- 
tion. The IC can operate at frequen- 
cies greater than 1 MHz; its output 
rise time is less than 20 nsec with 
a 500 pF load. In a 14-pin DIP, $7 
(1000). 

International Rectifier, 233 
Kansas St, El Segundo, CA 90245. 
Phone (218) 772-2000. 

Circle No 388 


GPS-BAND AMPLIFIER 


@ Features noise spec of 4.5 dB 

@ Operates from 1.227 to 1.575 GHz 
You can employ the Model 6011 hy- 
brid amplifier in global positioning 
systems (GPS) or down-converter 
applications. The unit follows and 
powers an antenna amplifier; a low- 
pass network is used to bias the 
preceding amplifier. The device fea- 
tures a noise spec of 4.5 dB (max) 
over the frequency range of 1.227 
to 1.575 GHz and 15 dB of gain. 
The spdt RF-pin switch provides 
more than 40 dB of isolation. The 
unit operates over a temperature 
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range of —55° to 125°C. It requires 
12V, 45-mA max and 5V, 35-mA 
max supplies. The amplifier is 
housed in a 22-pin, 1 X 1.25 x 0.150- 
in hermetically sealed flatpack. 
$750 (100). 

White Technology Inc, 4246 E. 
Wood St, Phoenix, AZ 85040. 
Phone (602) 437-1520. TWX 910- 
951-4203. 
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CMOS SCSI CHIPS 


@ Feature 30-nsec read-across time 
@ Provide DMA rate of 4M bytes/ 
sec 
The DP8490 and DP5380 CMOS de- 
vices comply with the SCSI stan- 
dard and are pin compatible with 
the NMOS NCR5380 device. They 
feature a 30-nsec read-across time 
and provide a DMA rate of 4M 
bytes/sec. The DP8490 also features 
a phase-mismatch interrupt that de- 
tects a mismatch in the information- 
transfer phase, decreasing dead 
time on the SCSI bus. The DP5380 
features input protection that al- 
lows the device to power down 
without collapsing an operating 
SCSI bus. Both models are offered 
in 40-pin DIPs and 44-pin PLCCs. 
The 44-pin PLCC version of the 
DP8490 provides an extra pin for 
uP data-bus parity. DP8490, $8; 
DP5380, $7 (in small quantities). 
National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-4960. TLX 346358. 
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Turn 


Good 
Ideas 
Into 
Good 


— 


FREE 
Writer's Guide! 


Would you like to get paid for 
sharing your clever engineering 
ideas and methods with your 
professional colleagues? If so, 
then send for EDN’s new FREE 
writer's guide and learn how. 

You don’t need the skills and 
experience of a professional 
writer. And you don't need to 
know publishing jargon. All you 
do need are a little perseverance, 
your engineering skills, and the 
ability to communicate your 
ideas clearly. 

Our new writer’s guide takes 
the mystery and intimidation out 
of writing for a publication. It 
shows you how to write for EDN 
using skills you already have. 
Plus, it takes you step-by-step 
through the editorial procedures 
necessary to turn your ideas into 
polished, professional articles. 


Get your FREE copy of EDN's 
writer’s guide by circling number 
800 on the Information Retrieval 
Service Card or by calling Sharon 
Gildea at (617) 964-3030. 


ee 


Capacitors with precision-molde 
nasser rotons 


fs OASAS a 
_ taped reels in capacitances from 0.10 to 68.0 pF; 6 to 50 VDC. 2 

Design * Jonuary 7, 1988 4194 In Europe: 41-22-396512: Telex 845-911302. a 
In Asia: 852-372-31211; Telex 780-45162. ~ 

“KEMET Electronics Corporation Eg 


For . 
Capacitors 


fast, call 


KEMET 
first! 


: KEMET Capacitors « P.O. Box Pye 
Ce Mou a : 
& 5 4 Device) ipr-2. 


KEMET Caso “A 


EIA Case 3216 3528 doa 
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COA 
Itradip thee IAL 


_ ia 
eS . : Series 01s be 
Just tell us where in the world you _- 
want them delivered, and stand back. 
Thousands of capacitors? Millions? 
J-I-T scheduling? Count on it. 

And our caps solve problems. Our 
ceramic chips resist cracking caused by 
production heat and shock. Our three- 
leaded tantalums prevent blown cir- 
cuits — because you just can't put ‘em 
in wrong. 

More reasons to call? Huge surface- 
Me oe More delay | s | 
qualifications than anyone else has. CC — | 

Highest reliability in tantalum, plus (Ck Be) T322/T323 CX01/Cx05 


HERM 3 
ceramic and film capacitors. KEMET is 0 ETICALLY 
the choice for your commercial and one SEALED 
military capacitor requirements. 20, 


And for fast delivery. Amazingly fast. 
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NEW PRODUCIS 


COMPUTERS & PERIPHERALS 


MULTIPLEXER 


© Hxpandable to 64 channels for fi- 
ber-optic communications 
@ Each channel can operate full 
duplex at 19.2k baud 

The FMX800 is a multiplexer and 
demultiplexer for fiber-optic com- 
munications. A stand-alone metal 
enclosure that’s either rack 
mounted or rests on a table, the 
unit contains a power supply and a 
mother board, which accepts plug- 
in cards. The plug-in cards consist 
of a fiber-optic module that can 
transmit and receive signals on a 
pair of optical cables at a 83M baud 
rate, as many as 16 19.2k baud RS- 
232C or fiber-optic channel cards, 
and an expansion card. The expan- 
sion card lets you connect as many 
as three chassis, thus allowing 64 
channels to transmit at full duplex 
at data rates of 19.2k baud. The unit 
continually transmits the control 


A/D CONVERTER 


@ 10-bit resolution and 30-MHz 
sampling rate 

@ 150-MHz input bandwidth 

The 4194 10-bit A/D converter op- 
erates at sampling rates from de to 
30 MHz and features a data-conver- 
sion time of 105 nsec. A single-shot 
mode lets you trigger on transient 
events such that data is available 
as often as 33 nsec delayed by 105 
nsec from the input signal. The unit 
features a 150-MHz input band- 
width, a total harmonic distortion 
of —56 dB at 4 MHz, a 400V/ysec 
slew rate, a <10-psec aperture un- 
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signals Request to Send (RTS), 
Clear to Send (CTS), Data Set 
Ready (DSR), and Data Terminal 
Ready (DTR) for each channel. 
When the unit receives a data byte, 
it attaches this byte to the control 
byte. From $800 for two channels 


certainty, and ECL-compatible out- 
puts. The user can adjust the analog 
input impedance, which is nomi- 
nally set to 1000 at the factory, be- 
tween 50 and 2000. You can mount 
the 5x7-in. board on a system 
mother board. The unit contains a 
track-and-hold circuit, timing cir- 
cuitry, and latched-offset binary 
outputs. $2492 (100). 

Teledyne Philbrick, 40 Allied 
Dr, Dedham, MA 02026. Phone 
(617) 329-1600. FAX 617-326-6313. 
TLX 212711. | 

Circle No 352 


CONTROL BALL 


@ Provides natural manipulation 
of screen objects 
@ Has three translational, three 
rotational degrees of freedom 
The Dimension 6 is a control ball 
that lets the user naturally manipu- 
late screen objects on a 3-D graph- 
ics system. The unit uses an optical 
sensor that measures force and 


to $5700 for each end of a 64-channel 
system. Delivery, four to eight 
weeks ARO. 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TLX 666491. 

Circle No 351 


torque. It allows the user to control 
three translational and three rota- 
tional degrees of freedom, using one 
hand. The unit sends the 8-bit data 
for each degree of freedom to the 
graphics system via an RS-2382C in- 
terface with variable baud rates. In 
addition, the unit contains a keypad 
with 11 buttons to select different 
operational modes. Three of the 
buttons, labeled Tra, Rot, and 
Dom, let you control translational 
or rotational motion only or select 
the data for the most dominant de- 
gree of freedom detected by the 
sensor. The eight remaining but- 
tons are user selectable for specific 
functions. The unit is powered from 
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220 V ac-at-50 Hz or 110 V ‘ac at 
60 Hz. It weighs 1.5 kg and costs 
$3300. 

CIS Graphics Inc, 2 Robbins Rd, 
Westford, MA 01886. Phone (508) 
692-9599. 
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GRAPHICS SUBSYSTEM 


@ Uses 32-bit microprocessor 
@ Provides six custom-designed 

VLSI gate arrays : 

The Formula 1 Series Model CGS- 
4700 provides either an entire 
graphics subsystem or a single 
graphics engine for VME Bus sys- 
tems. The graphics engine features 
six custom-designed VLSI gate ar- 
rays; needs one VME slot; and em- 
ploys a Motorola 68020 32-bit micro- 
processor as well as a 256k-byte 
EPROM. The graphics engine lets 
you perform tasks such as pan, 
scale, and rotate at the local level. 
It generates graphics in 256 colors 
with a resolution of 1280 x 1024 pix- 
els. The graphics engine provides 
eight pixel planes—four on the main 
board and four on a daughter board. 
In addition, it has I/O drivers to 
support Unix System V and pro- 
vides VT100 emulation. A single 
unit, $4995; $2997(150). 

CalComp, 2411 W La Palma Ave, 
Anaheim, CA 92801. Phone (714) 
821-2142. 

Circle No 354 
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MICROCOMPUTERS 


@ Weigh 31/2 lbs 
@ Feature 1M byte of RAM max 
and an 80-column display 

The Microscribe 700 Series portable 
microcomputers weigh 31/2 lbs and 
operate in harsh environments. 
They feature an 80-column x 8-line 
display and offer as much as 1M 
byte of RAM. The microcomputers’ 
EPROM capacity ranges to 274k 
bytes. A supertwist LCD display 
increases visibility and readability 
and provides a 480 x 64-pixel full 
graphics mode. Backlighting is 
standard. The keyboard features a 
separate numeric keypad. The mi- 
crocomputers measure 10.9xX 
6.4x1.5 in. and operate over 32 to 
122°F. If you don’t use the back- 
light, the rechargeable NiCd _ bat- 
teries provide a 10-hour operating 
life. From $2875. Delivery, eight 
weeks ARO. 

Amlan Inc, 97 Thornwood Rd, 
Stamford, CT 06903. Phone (203) 
322-1913. TLX 643647. 
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BERNOULLI DRIVE 
© 20M-byte cartridges for the 
Macintosh IT computer 
@ File-transfer software for IBM 
PC-compatible programs 
The Bernoulli Box II consists of a 
stand-alone Bernoulli drive for 
Macintosh II computers. The device 
comes in both a single and dual 51/4- 
in. half-height drive configuration 
with removable 20M-byte car- 
tridges. The drive has error check- 
ing and recovery that automatically 
corrects bad sectors and keeps an 
error log of media problems without 


user intervention. An integrated 
SCSI port meets the requirements 
for devices on an Apple-defined 
SCSI channel. A file-transfer soft- 
ware package lets you insert a car- 
tridge in the drive that has been 
formatted by an IBM PC or a com- 
patible computer. The software 
translates the data on the cartridge 
so the data appears as Macintosh 
standard files and file folders. The 
user can change the information on 
the cartridge and return it to an 
IBM system in standard PC format. 
Dual drive, $2550; single drive, 
$1650; file-transfer software, $149. 
Iomega Corp, 1821 W 4000 
South, Roy, Utah 84067. Phone 

(801) 778-3000. 
Circle No 356 


1-BOARD COMPUTER 


® Js an IBM PC computer with 
video and disk controller 

© Options include 768k bytes of 
DRAM and a SCSI adapter 

The Quark/PC + single-board com- 

puter (SBC) is IBM PC-compatible 

and has onboard video and disk con- 

trollers. The 4 x 6-in. pe board uses 

a 96-pin Eurocard connector for I/O 


and either a 64-pin header or a 62- 


pin male edge connector for connec- 
tions to the PC bus. The base unit 
features an 8-MHz NEC V-40 CPU, 
eight levels of interrupt, 256k bytes 
of dynamic RAM, 16k-byte BIOS in 
ROM, an additional 112k bytes of 
ROM space, three 16-bit timers, 
three DMA channels, a socket for 
an 8087 coprocessor, an IBM key- 
board port, and an 8-bit parallel I/O 
port. Options include a Yamaha 
PCDC 6866 video controller, two 
additional serial ports, an NCR 
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5380 SCSI controller for hard-disk 
control, expandable memory to 
768k bytes, a real-time clock with 
battery backup, and a Western 
Digital 37C65 floppy-disk control- 
ler. The board requires 5V for 
power; and, since all ICs are CMOS 
devices, it typically draws 3W of 
power. Base unit, $325. 

Megatel Computer Corp, 174 
Turbine Dr, Weston, Ontario, Can- 
ada M9L 2S2. Phone (416) 745-7214. 
FAX 416-745-8792. 
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80386 SYSTEM 


® Consists of two modules that run 
IBM PC/AT software 
e Has 4M bytes of dual-ported 
RAM 
The EPC-1 is a 2-module system 
that creates an IBM PC/AT com- 
puter on the VME Bus. It contains 
a 16- or 20-MHz 80386 wP and as 
much as 4M bytes of dual-ported 
RAM. The modules can run the 
large base of PC/AT-compatible 
software on a VME Bus mainframe. 
The processor module contains an 
EGA graphics controller (with sup- 
port for 640 x 480-pixel Super EGA 
resolution), floppy- and SCSI hard- 
disk-drive controllers, two RS-2382C 
ports, a parallel printer port, and 
a PC/AT-compatible keyboard port. 
The disk module contains a 1.4M- 
byte, 31/2-in. floppy-disk drive and 
a ruggedized 40M-byte hard disk. 
Both modules comply with the 
IEEE-1014-87 VME Bus specifica- 
tion. The system also contains gate 
array ICs, which implement the 
functions for the VXI Bus, includ- 
ing geographical addressing. The 
system includes a software pack- 
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age, which provides device drivers 
for transporting IBM PC/AT appli- 
cations to the VME Bus. The sys- 
tem combined with DOS 3.3, Win- 
dows 2.0 or 386, a keyboard, and 
documentation, $7950. 

Radix MicroSystems Inc, 19545 
NW Von Neumann Dr, Beaverton, 
OR 97006. Phone (503) 690-1229. 
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DC M 


Absolute & incremental laser 
rotary encoder 
- Patented laser technology 
- 50,000—81,000 sinusoidal or 
square pulses per 
revolution 
- Compact 36mm to 
56mm diameter 


See 
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ee = a 
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’, 
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Gearmotors 

- Over 100 different 
combinations 

- Ratios from 5:1 to 3000:1 
- 25 to 20,000 g-cm 

rated torque 

-1.3 to 830 rpm 

-6 to 24 VDC 

- Concentric or offset shaft 
- Gearheads from 20mm to 
54mm dia. 


PM Type Steppers < 

- Low in cost, high in 

performance 

- Step angle 7.5 and 15 degrees 

- 35mm, 42mm and 55mm diameters 
Hybrid Type Steppers 
- Step angle 0.9 and 1.8 degrees 
- 39mm, 42mm and 56mm diameters 
- Modifications of standard units available 
in OEM quantities 


If you are an OEM with a requirement 
for sub-fractional DC motors call 
Canon directly or send for our 

free short form catalog. 


80386-BASED PCs 


® Take both 51/4- and 31/2-in. disk 
drives | 
@ Feature adjustable speeds to 16 
MHz 
The PC916 80386-based PCs offer 
32-bit IBM PC/AT compatibility. 
They accept either 51/4- or 31/2-in. 
disk drives. The PCs feature speeds 
to 16 MHz. This feature lets you 


ors and 


Laser Encoders 


Brushless 

- Inner and outer 

rotor types 

Axial and radial gap types 
- 30mm to 90mm 
diameter 

- 25 to 700 

g-cm starting 

* torque 

- With or without 
electronics 


Iron core 

- Over 70 models 

- 12mm to 52mm dia. 

- 12 g-cm to 9000 g-cm 
starting torque 

- Integral AC tach, optical 
encoder 

- Ball or sleeve bearings on 
some models 


Brushless DC box fans 
- Low cost 

- Long life 

- Low mechanical noise 
- High air flow 

- Sizes: 40mm to 120mm 


Coreless 

- 12mm to 40mm dia. 

- 28 to 455 g-cm starting 
torque 

- Ball bearings available on 
some models 


Canon 


CANON USA, INC. COMPONENTS DIVISION 
New York Office/Headquarters One Canon Plaza, Lake Success, NY 11042 ¢ 516/488-6700 « FAX 516/354-1114 
Santa Clara Office 4000 Burton Dr., Santa Clara, CA 95054 » 408/986-8780 » FAX 408/986-1557 


CIRCLE NO 22 


223 


COMPUTERS & PERIPHERALS 


adjust the speed for specific com- 
patibility modes. The PCs can ad- 
dress 268M bytes of physical mem- 
ory and 4G bytes of virtual mem- 
ory. A 2M-byte companion memory 
board and an EGA card are stan- 
dard. You can expand the memory 
by installing additional memory 
boards and connecting them to the 
32-bit extender bus. The PCs can 
accommodate five half-height or 
two full-height drives, each allow- 
ing for 230M bytes max. You can 
switch the 220W power supply from 
115 to 2380V ac. The PCs feature 
three types of keyboards: standard, 
with 10 function keys; workstation, 
with 12 function keys; and ad- 
vanced, with 30 function keys. 
Standard model with 30M-byte 
fixed drive, $6353; with a 70M-byt 
fixed drive, $7553. 7 
NCR Corp, 1700 S Paterson 
Blvd, Dayton, OH 45479. Phone 
(513) 445-4236. 
Circle No 359 


CMS can offer you more engineer 
INg experience in custom molded 
cable assemblies than any other manu- 
facturer. We engineered the first custom 
Molded-On® cable assembly 40 years ago. Our 


VXI BUS BOARD 


@ links instruments-on-a-card to 
the [IEEE-488 bus 
@ Can be used as the top-level com- 
mander in slot 0 
The GPIB-VXI is an interface 
board that links the IEEKE-488 bus 
to instruments-on-a-card resident 
on a VXI Bus. The board can func- 
tion as a top-level commander in 
slot 0 of a C-size VXI Bus system 
or as a servant. It contains a 68070 
wP that has a 16- or 32-bit CPU, a 
memory-management unit, a 2- 
channel DMA controller, an I2C se- 
rial bus interface, a UART serial 


interface, a 16-bit timer/counter, 
and an interrupt controller. It has 
512k to 4M bytes of memory, which 
is dual-ported to the VXI Bus. The 
firmware, which is resident in 
EPROM, is based on the pSOS real- 
time operating system. The IEEE- 
488 interface circuitry on the board 
consists of a 7210 talker/listener/ 
controller and a Turbo488 custom 
ASIC. The custom ASIC provides 
a FIFO buffer between the IEEE- 
488 interface and a private local 
bus. A 512k-byte RAM version with 
the operating firmware in ROM, 
$3000. 

National Instruments Corp, 
12109 Technology Blvd, Austin, TX 
78727. Phone (512) 250-9119. TLX 
756737. FAX 512-250-0382. 
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complete facilities provide in-house design and 
construction of proprietary tools and dies to the final 
manufacturing of 100% tested finished goods. Call 
or write Component Manufacturing Service, Inc.; 
One Component Park, West Bridgewater MA 02379. 
Tel. (508) 580-0111. 


CMS is the Molded-On® connector company. 
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Glassman 


HV supplies like to be 


pared! 


All Glassman HV supplies are 
better by design, offering a com- 
bination of performance, size, and 
weight that beats the competition 


hands-down. Consider the new 
PK Series... 


Nearest 
Competitor 


3 KW, 14” high | 4 KW, 10.5” high 


PK Series 


0.63 W/in.’ 1.2 W/in.’ 
21.4 W/Ib. 61.5 W/Ib. 
140 lbs. 70 Ibs. 


But numbers are not the whole 
story. For example, only the PK 


Series shows you at a glance its 
complete status. Indicators signal 
power on, HV on, standby, safety 
interlock, external trip, polarity, 
remote/local control, regulating 
mode (voltage or current), output 
voltage and current. ..evena 
bargraph trend indicator for pulsed 
load applications is standard. 


Glassman’s pulse width modulated 
circuitry delivers regulation better 
than 0.01%, low ripple, fast tran- 
sient response, and full load effi- 
ciency greater than 85%... all 
with lower parts count for greater 
reliability. And Glassman’s unique 


GLASSMAN HIGH VOLTAGE INC. 
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air insulation offers field-proven 
serviceability while it contributes 
to reduced weight. 


Call or write for full information. 
Compare the PK Series to any 
others. . .we’re confident you 

will decide that Glassman is the 
true innovator in high voltage 
power supply technology. 


Glassman High Voltage, Inc. 


Route 22 (East) 

Salem Industrial Park, PO Box 551 
Whitehouse Station, NJ 08889 
Telephone (201) 534-9007 

TWX 710-480-2839 

FAX: (201) 534-5672 


MICRO-LOGICII 


The CAE tool with a 10,000-gate 


Spectrum Software’s MICRO-LOGIC II® puts 
you on top of the most complex logic design 
problems. With a powerful total capacity of 
10,000 gates, MICRO-LOGIC II helps engi- 
neers tackle tough design and simulation 
problems right at their PCs. 
MICRO-LOGIC II, which is based on our 
original MICRO-LOGIC software, is a field- 
proven, second-generation program. It has 
a high-speed event-driven simulator which is 
significantly faster than the earlier version. 


Timing Simulator 


The program provides you with a top-notch 
interactive drawing and analysis environ- 
ment. You can create logic diagrams of up 
to 64 pages with ease. The software fea- 
tures a sophisticated schematic editor 
with pan and zoom capabilities. 
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digital simula’ 


Shape Editor 


A 200-type library of standard parts is 
at your fingertips. And for a new high in 
flexibility, a built-in shape editor lets you 
create unique or custom shapes. 

MICRO-LOGIC II is available for the IBM® 
PC. It is CGA, EGA, and Hercules® com- 
patible and costs only $895 complete. An 
evaluation version is available for $100. 
Call or write today for our free brochure 
and demo disk. We'd like to put you in 
touch with a top digital solution. 


@ Total capacity of 10,000 gates 

@ Integrated schematic editor 

@ Fast assembly language routines 

@ Standard parts library of 200 types 
@ Event-driven timing simulator 


CIRCLE NO 109 


rfor your PC. 


@ Built-in shape editor 
M@ Multiple delay models 
M@ Printer and plotter hard copy 


File Editors Besiee View Sinulete 
; 1-Print drawing 
2:Print reports 

3iPlot draving >. 

Pcie al 


1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 


(408) 738-4387 


MICRO-LOGIC II is a registered trademark 
of Spectrum Software. 


Hercules is a registered trademark 
of Hercules Computer Technology 


IBM is a registered trademark 
of International Business Machines, Inc. 
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NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


DIAGNOSTIC TOOL 


@ Finds many kinds of bugs that 
a C compiler can miss 
@ Adapted for use on minicomput- 
ers and mainframes 

Generic Lint is a diagnostic tool 
that analyses software systems 
written in C and finds bugs, 
glitches, and inconsistencies that a 
compiler, working on one module at 
a time, can miss. The program is a 
generalized version of the vendor’s 
PC-Lint, which runs on MS-DOS 
systems. The generalized version is 
supplied in a “shrouded source” for- 
mat that is easy to compile, and it 
is intended for use on VAX ma- 
chines running VMS or Unix, IBM 
mainframes running VM/CMS, and 
68020-based machines running Ver- 
sados or OS-9. Generic Lint will find 
inconsistent declarations, argu- 
ment/parameter mismatches, unini- 
tialized variables, variables as- 
signed but not used, printf-scanf in- 
consistencies, and many other po- 


tential problems. It provides four 
kinds of error messages: fatal, syn- 
tactic, warning, and informational. 
You can selectively inhibit any er- 
ror messages, alter their format, 
change the size of scalars, and per- 
form other kinds of customization. 
Prices start at $798 and depend on 
the machine licensed and the num- 
ber of users. | Lae 
Gimpel Software, 3207 Hogarth 
Lane, Collegeville, PA 19426. 
Phone (215) 584-4261. 
Circle No 411 


ANALOG ANALYZER 

@ Performs analysis of open- and 
closed-loop response 

® Converts time-domain to fre- 
quency-domain response 


-FANSIM (FFT, Frequency ANaly- 


sis, and SIMulation) provides com- 
prehensive simulation capability in 
the frequency domain. Inputs may 
be real, measured responses or 


time-domain functions obtained 
from the vendor’s TUTSIM pro- 
gram or generated internally by the 
program. FFT techniques convert 
time-domain responses to spectral 
functions. The program will find the 
transfer functions of real or simu- 
lated systems and will find poles 
and zeros. It will accept input or 
produce output in the form of poly- 
nomial functions, poles/zeros, gra- 
phical curves, spectral arrays, or 
pole-residues. The program is 
menu-driven and provides more 
than 40 functions for the manipula- 
tion of spectra. To run the program, 
you need an IBM PC or compatible 
that has at least 330k bytes of RAM 
(512k bytes recommended); a CGA, 
EGA, or Hercules graphics card; 
and a math coprocessor. $395; demo 
disk, $39.95. . 

Tutsim Products, 200 California 
Ave, Suite 212, Palo Alto, CA 
94306. Phone (415) 325-4800. 
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PCB WORKSTATION 


@ Allows you to generate panel 
data for PCB manufacture 
® Comes with a library of venting 
patterns 
The SeriCAM is a PC-based work- 
station that runs software devel- 
oped by Infinite Graphics; the hard- 
ware is from Hewlett-Packard and 
Mitsubishi. The workstation con- 
sists of two monitors, a keyboard, 
a mouse, a disk drive, and an op- 
tional graphics tablet. The software 
lets you use CAD-generated pc- 
board design data to produce board- 
manufacturing information for out- 
put to laser or vector plotters. You 
can adjust feature sizes, step-and- 
repeat the circuit design to produce 
multiple originals, and merge the 
circuit with venting patterns that 
are stored in a panel database. Once 
you have set the design parame- 
ters, the system design-rule-check- 
ing function identifies rule viola- 
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tions and lets you correct them and 
store the corrected design. The pro- 
gram can direct output to magnetic 
tape or to a local-area network for 
use by any currently available pho- 
toplotter. The software is menu- 
driven, and all commands are in 


English. $55,000 (including all hard- 
ware). 

EK I Dupont de Nemours & Co 
Inc, Imaging Systems Dept, Eagle 
Run Site, Wilmington, DE 19898. 
Phone (802) 733-9611. 
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_ 


EVELOP NEW PRODUCTS. — 
*WP’VE FACILITIES AVAILABLE 
FROM DESIGN & MOLD-MAKING 


TO STAMPING, INJECTION & 
ASSEMBLY. 


CERMARK INTERNATIONAL CORP. 
AFL., NO. 22, LANE 34, TUNG HSING ST. 
NAN KANG, TAIPEI, TAIWAN, R.O.C. 
P.O. BOX: “274” NAN KANG TAIPEI 
TEL: 7865961, 7853374 
25819 GOLDLINK 
886-2-7868369 
MANUFACTURER: 
HSINMARK INDUSTRY CO., LTD. 
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This publication is 
available in microform. 


University Microfilms International 
reproduces this publication in microform: micro- 
fiche and 16mm or 35mm film. For information 
about this publication or any of the more than 
13,000 titles we offer, complete and mail the 
coupon to: University Microfilms International, 
300 N. Zeeb Road, Ann Arbor, MI 48106. Call 
us toll-free for an immediate response: 
800-521-3044. Or call collect in Michigan, 
Alaska and Hawaii: 313-761-4700. 


C Please send information about these titles: 


Name 


Company/Institution 


University 
Microfilms _ ,,, 
International gz. 


Phone 


Address 
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TIMING ANALYZER 
@ Performs timing-margin analy- 
sis to allow “what-if” changes 
@ Updates worksheets when you 
edit library components 
Timing Margins Analyzer (TMA) 
provides efficient methods of enter- 
ing min/max data for all necessary 
parameters of your design. The pro- 
gram handles timing margins in 
manageable chunks, with a sepa- 
rate worksheet for each timing 
case, so that you can perform 
“what-if” analyses and obtain imme- 
diate results. The program creates 
a linked database, and automati- 
cally updates all relevent work- 
sheets whenever you edit or change 
library data. Also, you can build or 
edit libraries directly from a work- 
sheet. TMA handles both on-chip 
(IC) and printed-circuit board 
(PCB) designs. When in the IC 
mode, the program accounts for on- 
chip tracking. When in the PCB 
mode, the program checks and ac- 
counts for clock and data paths that 
share the same package. A graphics 
window allows you to define wave- 
forms quickly, and adjusts the 
waveforms to show the true min/ 
max delays that correspond to the 
computed margins. You can define 
as many as 54 timing states and 
view as many as nine waveforms 
simultaneously. The program also 
detects potential transmission-line 
problems; it will alert you to these 
problems and recommend values of 
terminating resistors or warn you 
if your driver is not capable of driv- 
ing the terminated line. To run the 
program you need an IBM PC or 
compatible that has at least 320k 
bytes of memory and a CGA, EGA, 
or Hercules graphics adapter. A 
demo disk provides all functions of 
the production version except file- 
save, printing, and entry of I/O 
loads and values. $295; demo disk, 
$15. 

Design/Analysis Consultants 
Inc, 2805 W Busch Blvd, Suite 202, 
Tampa, FL 33618. Phone (818) 933- 
0672. 
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CASE TOOL 


@ Allows you to use multiple 
analysis and design methods 
@ You can buy only those modules 
that meet your needs 

POSE (Picture-Oriented Software 
Engineering) is a CASE tool that 
consists of nine modules that run 
independently on machines in the 
IBM PC and PS/2 families and com- 
patibles. The data-driven tool kit 
comprises the data-model-diagram- 
mer, data-model-normalizer, logi- 
cal-database-designer, and data- 
base-aid modules; the process- 
driven tool kit comprises the de- 
composition-diagrammer, dataflow- 
diagrammer, structure-chart-dia- 
grammer, and action-chart-dia- 
grammer modules. The ninth mod- 
ule, a screen- and report-prototyp- 
ing module, will be available in the 
fall of 1988. All modules address the 
planning, analysis, and design 
phases of software development. 
$295 per module, or $885 for each 
4-module tool kit. 

Computer Systems Advisors 
Inc, 50 Tice Blvd, Woodcliff Lake, 
NJ 07675. Phone (201) 391-6500. 
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IEEE-488 SOFTWARE 


@ Lets you control instruments via 
an IEEE interface board 
® Can operate with IBM PS/2s and 
compatibles 
ROUTE 488 version 1.03 is a mem- 
ory-resident BIOS-level device 
driver that runs under MS-DOS. It 
allows you to transfer data between 
an IBM PC or compatible and data- 
acquisition or instrumentation 
hardware connected to an IKEE- 
488 bus. Enhancements to the new 
version extend this capability to 
IBM PS/2s and other 80286- or 
80386-based machines. Because the 
software operates at the BIOS level 
and allocates its own buffers for 
DMA transfers, data transfers take 
place at rates as much as four times 
faster than transfers through a DOS 
device handler, which handles only 
one character at a time. You can 
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High-Accuracy 
SIP R 
Networks 


® Delivery of 
CUSTOM DESIGNS 
within 8 weeks 


| @ LOW COST due to 
innovative process 
improvements 


e For applications 
such as: 
matched pair 
Voltage Dividers 
Gain Control 
Ladder Networks 
thin film Attenuators 


@ SIP packaging for 
space savings 


Tell 
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A World First - for electronics 
industry designers. 


Great resources are always brought to bear 
on the production of integrated circuits and 
other “intelligent” components. Well its 
our job, at Ericsson to see to it that the so- 
lutions in the resistor area keep in step. For 
this reason we work on producing smart 
solutions in terms of resistors. We call these 
Erisistor resistor networks. 

Erisistor is more than a component, its 
a PC-based system where you can specify, 
design, order and let manufacture resistor 
network solutions combining the economy 
of discrete resistors with the flexibility of 
fully customized solutions. 


the irresistable resistor 


ERICSSON & 


Ericsson Components AB 
P.O. Box 98 

S-563 00 Granna 
SWEDEN 


Be An Author! 


When you write for EDN, you earn professional recognition. And you earn $75 
per published magazine page. | 


EDN publishes how-to design application information that is read by more than 
137,500 electronics engineers and engineering managers worldwide. That’s an 
audience that could belong to you. 


If you have an appropriate article idea, send your proposal and outline to: 
John Haystead, 275 Washington Street, Newton, MA 02158-1630. 


For a FREE EDN Writer’s Guide—which includes tips on how to write for EDN 
and other technical publications—please circle number 800 on the Information 
Retrieval Service Card. 


First in Readership among Design Engineers and 
Engineering Managers in Electronics. 
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access the transfer routines from 
programs written in any of 18 lan- 
guages that run under MS-DOS and 
support software interrupts—the 
latest additions to the list are Turbo 
Paseal 4.0 and QuickBASIC 4.0. 
You can transfer data between the 
IEEE-488 bus and the main mem- 
ory, disk, or any other peripheral 
attached to the host computer. 
$125; upgrades from previous ver- 
sions, $30. 

Scientific Solutions Inc, 6225 
Cochran Rd, Solon, OH 44139. 
Phone (216) 349-4030. TLX 466692. 
FAX 216-349-0851. 
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DBMS WITH DEBUGGER 


@ Allows interactive debugging of 
SQL-based applications 
e Runs on IBM PC and PS/2 com- 
puters and compatibles 
The Informix-4GL Rapid Develop- 
ment System and Interactive De- 
bugger is now available for systems 
that run the MS-DOS operating sys- 
tem. You write your database appli- 
cation in 4GL code; the develop- 
ment system compiles this code to 
pseudo-code for execution by a p- 
code interpreter that is included in 
the package. The debugger allows 
you to debug your 4GL code inter- 
actively. Your application can use 
as many as 16M bytes of extended 
memory. SQL-based applications 
created with the package will be 
portable to a number of larger ma- 
chines that can run Informix. $1495. 
Informix Software Inc, 4100 
Bohannon Dr, Menlo Park, CA 
94025. Phone (415) 322-4100. TLX 
361834. FAX 415-322-4571. 
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MS-DOS TOOLSET 


@ Includes 10 language-independ- 
ent utilities 

@ Facilitates the updating of multi- 
file software systems 

The Compiler Companion package 

consists of 10 utilities that can en- 

hance the productivity of software 
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engineers who use MS-DOS sys- 
tems. All of the utilities except 
CXREF are language-independent, 
and you can use them with Basic, 
Fortran, Pascal, Assembler, or any 
other programming language. 
CXREF generates a cross-refer- 
ence listing of C source files to help 
locate variables and function calls. 
Extract and Build help you to build 
batch files containing commands 
that operate on multiple files. The 
other utilities locate files, compare 
files, update the time/date stamps 
of multiple files, and search for and 
replace strings in multiple files. 
$100. 

Lattice Inc, 2500 S Highland 
Ave, Lombard, IL 60148. Phone 
(312) 916-1600. TLX 532253. FAX 
312-916-1190. 
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CASE FOR OS/2 


@ Provides structured-analysis and 

-design capabilities 
@ Runs on IBM PS/2 machines un- 

der the OS/2 operating system 
Teamwork-OS/2 bundles three of 
the vendor’s CASE tools (previ- 
ously available for workstations and 
IBM PCs) in a package that runs 
on IBM PS/2 Models 50Z, 60, 70, 
and 80 under the OS/2 operating 
system. Teamwork/SA lets you 
analyze and capture system re- 
quirements with the aid of struc- 
tured-analysis dataflow diagrams, 
Teamwork/RT provides the nota- 
tion needed for showing the rela- 
tionships between asynchronous 
events in a real-time system, and 
Teamwork/IM provides the nota- 
tion for information modeling. To 
run these tools, the PS/2 machine 
must have at least 4M bytes of main 
memory, 15M bytes of available 
disk space, a VGA or VGA-emulat- 
ing monitor, a mouse, and the OS/2 
standard edition version 1.0 or 
later. $4995. 

Cadre Technologies Inc, 222 
Richmond St, Providence, Rl 
02903. Phone (401) 351-2273. 
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introducing a new series of 
_ delay lines for high-speed _ 
applications. These delay _ 
lines feature a new concept 
_ incomponents of Suede 
multiple electrical require- __ 
| ments. This is achieved 
_ through integrated dis- _ 
_ tributed capacitance. As a 
_ result, they have a roman _ 
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NEW PRODUCTS 


TEST & MEASUREMENT INSTRUMENTS 


ANALOG F-O LINK 


@ Stands voltages determined by 
optical cable to 40 kV 
@ Reproduces signals with 150-kHz 
bandwidth 

With appropriate high-voltage 
probes and fiber-optic cable, the 
ADTS-210 can pass analog signals 
across an isolation barrier that 
withstands common-mode voltages 
as high as 40 kV and 400 kV on 
special order. It works with glass- 
fiber cables as long as 2000m. Using 
V/F conversion techniques, the sys- 
tem achieves a signal bandwidth of 
de to 150 kHz. An “expanded” mode 
increases bandwidth to 600 kHz and 
lets you measure the amplitude of 
pulses that would otherwise be too 
narrow for the system to handle. 
Nonlinearity is <0.5%; after 
autocalibration, gain error is <1% 
and offset is <5 mV. ADTS-210, 


$2950; cables to 2000m, $250 
+ $2.50/m; ADTS-200, including 
12m plastic-fiber cable, $2900. De- 
livery, four to eight weeks ARO. 


ARAL OS SATA FRAN SReree 
SSRIS IS 


® SPetees 


VG Controls Inc, 34 Jenkins Rd, 
Hewitt, NJ 07421. Phone (201) 853- 
4600. 
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CALIBRATOR 


© Verifies its own calibration, us- 
ing three devices 
@ Maintains 5 ppm dc-voltage un- 
certainty for 90 days 
The 5700A multifunction calibrator 
addresses a significant problem of 
calibrator ownership—calibrating 
the calibrator. The instrument pro- 
duces direct and alternating volt- 
ages and currents, and acts as a re- 
sistance standard to 100 MQ, yet 
it requires just two standard resis- 
tors and a 10V dc reference for its 
own calibration. As a direct voltage 
standard, absolute uncertainty is 5 
ppm for 90 days at temperatures 
within 5°C of the calibration tem- 
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perature. The unit produces volt- 
ages to 1100V and currents to 2.2A 
(20A with external amplifier). The 
frequency range is de to 1.2 MHz 
at 22V; a wideband option extends 
this range to 30 MHz. $19,950. 
John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. Phone 
(800) 443-5853. 
Circle No 366 
Philips Test and Measurement, 
Building HKF’, 5600 MD Ejindoven, 
The Netherlands. Phone local of- 
fice. 
Circle No 367 


ASIC VERIFIER 


@ Runs 560,000 200-pin vectors in 
<5 Sec 

®@ Clocks at 220 MHz and tests at 
110 MHz 

The Topaz V ASIC-verification sys- 

tem features tester-per-pin archi- 

tecture that allows separate defini- 

tion of nine test parameters for each 

pin. These parameters include data 


format, comparison threshold, and 
timing. Currently, the vendor sup- 
plies the system in configurations 
to 320 pins and is developing a 554- 
pin upgrade. A very high-speed in- 
terface connects a 16M-byte (op- 
tionally, 64M-byte) RAM array to 
the pin electronics. This RAM can 
store as many as 112M vectors di- 
vided by the number of pins. The 
system can thus burst out 560,000 
200-bit-wide vectors in <5 sec. The 
vendor claims that competitive sys- 
tems require a minimum of several 
minutes to perform equivalent op- 
erations. The clock speed is 220 
MHz max, the test rate is 110 MHz 
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max, and the timing skew is +500 
psec max across all channels. $1000 
to $1600/pin. Delivery, 90 days 
ARO. 

Hilevel Technology Inc, 31 
Technology Dr, Irvine, CA 92718. 
Phone (800) 445-3835; in CA, (800) 
541-2742. TLX 655316. 
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RF ATTENUATOR 


@ Operates from dc to 2.7 GHz 
e@ Allows frequency-dependent er- 
ror correction 

The Model-RSP RF step attenuator 
allows you to introduce precision 
losses of between 0 and 139.9 dB 
into a 500 signal line. It has a reso- 
lution of 0.1 dB and is suitable for 
operation at frequencies from de to 
2.7 GHz. To improve accuracy, the 
attenuator uses frequency-depend- 
ent error correction techniques. Us- 
ing the instrument’s integral 
IEEE-488 bus interface, you can in- 
terrogate the instrument to deter- 
mine its attenuation error at a par- 
ticular frequency so that you can 
calculate an appropriate compensa- 
tion factor. The attenuator has a 
step switching time of =20 msec 
and a lifetime of greater than 10 
million switching operations. Non- 
volatile memory in the instrument 
allows you to store as many as 40 
complete front-panel setups that 
you can then select via front-panel 
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pushbuttons. The instrument is also 
fully programmable via its IEEE- 
488 interface. Around DM 18,000. 
Rohde & Schwarz GmbH, 
Miihldorfstrasse 15, 8000 Munich 
80, West Germany. Phone (089) 
41290. TLX 523703. 
Circle No 369 
Rohde & Schwarz Inc, 4425 Ni- 
cole Dr, Lanham, MD 20706. Phone 
(8301) 459-8800. TLX 510-223-0414. 
Circle No 370 


PC-BASED SCOPE 


@ Digitizes two channels at 20M 
samples/sec 
@ Stores 128k words/channel 
The R2000M digital scope works in 
conjunction with an IBM PC or 
compatible computer. It operates as 
a 2-channel digital-storage oscillo- 
scope with separate 8-bit A/D con- 
verters for each channel. The unit 
acquires data at rates from 1 sam- 
ple/sec to 20M samples/sec, and it 
stores 128k bytes/channel. This 
combination allows the instrument 
to capture 6.4 msec of data on each 
channel at its maximum speed. The 
accompanying software can auto- 
matically save captured data on the 
computer’s hard disk. You can 
switch the input impedance to 500 
or 1 MQ; and, using software, you 
can select sensitivities from 10 mV/ 
div to 50V/div. Trigger modes in- 
clude internal, external, digital, 
analog, pre, and post. The vendor 
also offers real-time FFT software 
and an IEEE-488 interface. $3995. 
Rapid Systems Inc, 4383 N 34th 
St, Seattle, WA 98103. Phone (206) 
547-8311. TLX 265017. 
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PROCESSING (DSP) TOOLS AVAILABLE 
for the IBM-PC: 


DSP DEVELOPMENT & APPLICATIONS SYSTEMS: 


@ 1MS32020/320C025 Development Systems $2,595 
@ ADSP-2100 Development System $2,595 


@ Ariel DSP-16 Real-Time Data Acquisition 
Processor $2,495 


@ 77230 Development System $1,995 
@ DF-1 Dataflow Processor (NEC 7281) $1,495 
@ 7763/64 Speech Recognizer/Synthesizer $1,695 


HIGH-PERFORMANCE DATA ACQUISITION: 


(via DSP LINK™ standardized interface) 
@ 4-Channel In/2-Channel Out (12-bit, 


50KHz/Channel $845 
@ 32-Channel Input (12-bit, 7 KHz/Channel, 
mux to 32 Ch.) $845 
DSP SOFTWARE TOOLS: 


m@ ‘C’ Compilers for TMS320025 & ADSP-2100 
@ Assemblers for TMS320 & NEC 77230 & ADSP-2100 


@ SignaLink 320 data acquisition & Digital 
oscilloscope 


@ DADiSP worksheet-style algorithm 
development $795 


@ DISPRO digital filter design & simulation $995 


In Canada: (604) 438-7266 USA East: 1-800-323-1842 
Massachusetts: (617) 890-3400 USA West: 1-800-663-8986 
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THE LCD 
PROBLEM 
SOLVERS 


PROCESSING INC 
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Proven production technology, 


coupled with our new 20,000 
Sq. ft., state-of-the-art U.S. 


plant, assures timely delivery of 


quality LCDs. 


) LEADING THE WAY I DISPLAY TECHNDLOL A 


POLYTRONIX, INC. 


805 ALPHA DR. - RICHARDSON, TX 75081 
FAX 214/644-0805 


214/238-7045 - 
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HANDHELD SCOPES 


@ Weigh less than 2 lbs including 
batteries 

@ Provide two channels with a 
5-MHz bandunidth 


The T201 and T202 are handheld, 
2-channel oscilloscopes. They mea- 
sure 10X4'2X2 in. and weigh less 
than 2 lbs each with batteries, probe, 
and carrying case. The units pro- 
vide a 5-MHz bandwidth for repeti- 
tive signals and 2 MHz for single- 
shot transients. They sample at 20M 
samples/sec. The T202 offers a tra- 
ditional oscilloscope interface with 
front-panel controls divided by func- 
tion. The T201 controls operate 
more like calculator keys. The units’ 
liquid-crystal displays present nu- 
meric as well as waveform data, 
enabling you to use the instruments 
as voltmeters and counters. The 
scopes store complete control setups 
and recall them. $1995. 
Tektronix, Box 1700, Beaverton, 
OR 97077. Phone (800) 426-2200. 
Circle No 372 


WAVEFORM ANALYZER 


@ Operates as 2-channel scope with 
60-MHz bandwidth 

© Indicates voltage, frequency, and 
time on LCD 

The SC61 waveform analyzer is a 

2-channel oscilloscope with a band- 

width (—3 dB) of 60 MHz. It incor- 


porates a 6-digit LCD that displays 
de voltage from 2 to 2000V full-scale 
with 31/2-digit resolution, p-p volt- 
age from 8 to 2000V full-scale with 
34/5-digit (8000 count) resolution, 
and frequency from 1 Hz to 100 
MHz with 6-digit resolution on most 
ranges. You can set the scope’s ver- 
tical sensitivity from 5 mV/div to 
200V/div (200 V/div requires a 10X 
probe). You can set sweep speed 
from 0.1 wsec/div to 0.1 see/div. The 
counter’s accuracy is 10 ppm +1 
digit from 15 to 35°C. The timebase 
aging rate is 10 ppm/year. $3295. 
Sencore, 3200 Sencore Dr, Sioux 
Falls, SD 57017. Phone (605) 339- 
0100. TWX 910-660-0300. 
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CAPACITANCE DMM 


@ Features a 10 MQ impedance 
®@ Provides overload protection for 
five ranges 

The J380960 DMM lets you 
troubleshoot capacitance problems 
over five ranges. The DMM pro- 
vides a 31/2-digit LCD and con- 
sumes a 9V battery over a 150- to 
200-hour operating life. Its de volt- 
age range includes 200 mV, 2, 20, 
200, and 1000V. The DMM provides 
an accuracy of +0.5% and +0.8% 
at 200 mV and 750V, respectively. 
It features a 10 MO impedance and 
provides an overload protection, for 
de and ac, of +1100 and 800V, re- 


EDN September 29, 1988 


TEST & MEASUREMENT INSTROMENTS 


spectively. The unit measures 
7.125 X 3.375 xX 1.375 in. and weighs 
11.5 oz including the battery. The 
unit comes with a pair of test leads 
and a 9V battery. The vendor offers 
in-circuit test leads as optional 
equipment. $89. 

Extech Instruments Corp, 150 
Bear Hill Rd, Waltham, MA 02154. 
Phone (617) 890-7440. 
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DUAL SYNTHESIZER 


@ Includes two independent 51/2- 
digit sections 

® Covers 0.1 Hz to 16 MHz 

The DS-102 is a rack-mountable 
unit containing a pair of independ- 
ent frequency synthesizers that 
eover 0.1 Hz to 16 MHz with 51/2- 
digit resolution. The frequency ref- 
erence is stable to within +10 ppm 
from 0 to 50°C. The unit has TTL- 
compatible outputs capable of driv- 
ing 50© loads. $1485. Delivery, 45 


to 60 days ARO. 

Syntest Corp, 40 Locke Dr, 
Marlboro, MA 01752. Phone (508) 
481-7827. FAX 617-481-5769. 
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ESDI DRIVE TESTER 


@ Lets you test 760M-byte Winches- 
ter drives 

e Writes and reads media-defect 
maps 

The MWX-1000E lets you test 

760M-byte max Winchester drives. 

Accommodating all types of ESDI 

drives, this model can handle 5- and 

10-MHz drives with data-strobe and 


track-offset functions. The analyzer 
lets you perform read, write, seek, 
and other tests. In addition, you can 
read, write, update, protect, and lo- 
cate media-defect maps. An op- 
tional proprietary card allows you 
to read data-window margins. The 
vendor offers multiport capabilities, 
additional analog test tools, and re- 
mote control, using a proprietary 
hardware/software system. $9983. 
Wilson Laboratories Inc, 2237 N 
Batavia St, Orange, CA 92665. 
Phone (714) 998-1980. TLX 181598. 
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You Don’t Need a Thousand Words 
When You Have a Picture Like This! 


s SERED one cee reich 


The image quality 


demonstrated here is re- 
quired by your customers... 
and will be appreciated! They 
expect THE BEST from original 
equipment manufacturers. 
You can provide it! While 
other video monitor venders 
claim, ‘about 100 + MHZ” 
video bandwidth, * Video 
Monitors, Inc. provides it! 
While other vendors claim, 
“full gray-scale color capabill- 
ty,’ VMI delivers it! 

And if your customers or 
you need semi-custom or 
custom designs, VMI can pro- 
vide this service. These are 
just a few of the reasons why 
Video Monitors, Inc. should be 
your supplier of very high 
resolution monitors. 


Large Image Area 


Ergonomic Design 


Unretouched photograph 
*35 NS max. rise & fall time measured at CRT cathode. 
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LITERATURE 


Brochure sums up 
STE Bus board architecture 


You can find helpful information 
about STE Bus (IEEE 1000) 8-bit 
processor-board architecture in this 
illustrated 6-pg brochure. The pub- 
lication contains charts and dia- 
grams that compare the perform- 
ance of the STE Bus with a 16-bit 
bus. It also includes information 
about the STE Bus’s ability to han- 
dle multiple masters. Further, the 
booklet describes the processing of 
interrupts, and how the device al- 
lows priority to be determined 
without the use of daisy chaining 
or device-dependent timing con- 
staints. 
STEMUG-US, Box 7529, New- 
ark, DE 19714. 
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Guide for designers 
of embedded systems 


The Guide to Embedded Languages 
addresses the tradeoffs involved in 
embedding a language. This refer- 
ence for engineers examines the 
characteristics of ROMable lan- 
guages, interpreter/compiler trade- 
offs, interactive development, and 
multitasking from within the lan- 
guage. It also contains a discussion 
of a real case study. 
- Softaid Inc, 8930 Route 108, Co- 
lumbia, MD 21045. 
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Video series teaches 

use of MC68000 pP 

The MC68000 Video Training Se- 
ries (MTTV2) for the MC68000 mi- 
croprocessor is organized into 18 
modules with one videotape per 


"936 


module. It includes five Student 
Packs with workbooks and self- 
evaluation material. An optional In- 
structor Pack and an optional 
MC68000 Educational Computer 
Board are also available. Complete 
18-tape Video Training Series with 
five Student Packs and accompany- 
ing material, $9000; optional In- 
structor Pack, $175; Educational 
Computer Board, $495. 

Motorola Inc, Training & Tech- 
nical Operations, 1140 S Priest Dr, 
Tempe, AZ 85281. 

INQUIRE DIRECT 


Newsletter for 
datacomm/telecomm users 


This quarterly newsletter, Network 
News, informs data-communica- 
tions users about the latest time- 
and money-saving restoration and 
analysis techniques being used in 
networks around the globe. Focus- 
ing on the vendor’s most recent 
product developments, the third 
edition features the Interview 6600 
protocol tester, a line of network 
restoration systems, the Artacs 
PBX management system, and the 
training courses offered by the com- 
pany. 

Atlantic Research Corp, 
Teleproducts Div, Marketing Com- 
munications, 7401 Boston Blvd, 
Springfield, VA 22153. 
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Pamphlet features 

precision op amps 

The vendor’s 8-pg Precision Opera- 
tional Amplifier Selection Guide 
presents more than 50 device types. 
It summarizes performance specifi- 
cations, packaging information, and 
MIL-STD-883B availability of the 
op amps. 

Raytheon Co, Semiconductor 
Div, 350 Ellis St, Mountain View, 
CA 94043. 
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Pocket-size guide 
for fiber-loss measurements 
The vendor’s 20-pg PG-160 Pocket 
Guide, Fiber Loss Measurements 
with the Intelco 160A, describes the 
two most commonly used fiber- 
cable-loss measurement methods— 
the stored cross-reference method 
and the calibrated output power 
method. The guide also contains 
step-by-step procedures and figures 
to illustrate the test setups. 

Intelco Corp, 8 Craig Rd, Acton, 
MA 01720. 3 
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UTX/32 version of Unix 
explored 


The company’s brochure describes 
how UTX/82 provides the standard 
benefits of Unix, including protec- 
tion of users’ software investments, 
a wide range of applications soft- 
ware, transparent communications 
between heterogeneous computer 
systems, and compatibility with nu- 
merous hardware architectures. 
The publication also explains how 
the UTX/82 incorporates the advan- 
tages of the company’s experience 
in designing real-time computer 
systems. 

Gould Inc, Computer Systems 
Div, Box 409148, Fort Lauderdale, 
FL 33340. 
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__ PRODUCT MAR 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


PLOT 


Your Gerber 


CAD FILES 


Use our Gerber photo plotter or our 
Houston Instruments pen plotters to plot your 
CAD designs/layouts into production films or 

make prototype or production PCB boards. 

We plot any Gerber-formatted file and 

other CAD files from any disk format, 

7" magtape, or by telephone modem. 

Not sure about your Gerber file? 
(Is it right?) (Will it plot?) 


Ask about Gerber-format viewing and editing software. 


Any questions ? 
Call Lou or John at 


(216) 464-0200 


NELSON GRAPHICS 
23500 Mercantile Road 
Cleveland, Ohio 44122 
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he 


LCD WINDOWS CONTROLLER 


The CY325 supports LCDs up to 128x240 pixels 
(16x40 char) with easy-to-use high-level commands 
and Parallel or Serial interface to host computer. The 
256 built-in windows (or make your own) support 
window-relative text, graphics, plotting, bargraphs, 
waveforms, scroll/wrap/clip, etc. Read from an A/D 
and Write into Window! Separate text and graphic 
planes can be written or erased in any window. Eight 
pins support a variety of functions (soft-keys, waveforms) 
or can be used for GP I/O. Icons or special fonts can be 
user defined. Giant character mode, etc. Save months 
of design time with the CY325. $75 CMOS $20/1000s. 


Cybernetic Micro Systems Inc. 
P.O. Box 3000 * San Gregorio, CA 94074 * USA 
Phone: (415) 726-3000 ° Telex: 910-350-5842 
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~ SOUND OF THE FUTURE 
The Best 


Programming Site 
money can buy. 


DIGITAL AUDIO (Isn’t the most expensive.) 


The 135 is a gang and set programmer with 
Universal device capabilities, making ob- 
solescence obsolete. It supports more devices 
than any other production programmer (vir- 
tually all EPROMs up to 40 pin). It has options 
to program logic devices, 40 pin micros and 
bipolar PROMs. On board memory is expand- 
able to 2 MB. The 135 comes with 12 months 
of FREE updates plus an 18 Month Warranty. 
And, 4 operating modes plus DATA |/0* pro- 
tocol compatibility mean unmatched 
flexibility. 

BYTEK, the leader in low cost/high perfor- 
mance technology. 


1-800-523-1565 


OR 1-407-994-3520 
Fax: 1-407-994-3615 Telex: 499 8369 BYTEK 
*DATA 1/0 is a registered trademark of DATA I/O Corporation. 


— 


This design kit contains 

all you need to add Digital Audio 

to your product. 

Compact design, completely 

self contained, low power 

requirements, high quality and 

minimal price. 

for a complete Design Evaluation Kit 
send $67.00 to: 


CLEVER DEVICES LID 


P.O. Box 2002, Port Washington, N.Y. 11050 


SS Cx cail516)767-0682 


CIRCLE NO 326 


HIGH VOLTAGE 
POWER SUPPLIES 


Bh __ DC/DC CONVERTERS 
| Single or Multiple Outputs, 


Ideal for High Resolution Model 135-U Model 135-E 
CRT Monitors, Lasers, $1,895.00 $995.00 (U.S.) 
Capacitor Charging, (U.S.) 


365 S64 egy Photomultipliers, etc. 


*EXCELLENT REGULATION 
*VERY LOW OUTPUT RIPPLE 
6000 SERIES ‘RFI FILTERING/SHIELDING 


BROxo) = 


MODEL | VOLTAGE | CURRENT | RIPPLE 


CALL... (209) 223-3626 
. FAX... (209) 223-2779 


EMCO HIGH VOLTAGE CO. 
11126 Ridge Road, Sutter Creek, CA., 95685 
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Bly tle 


BYTEK CORPORATION Instrument Systems Division, 
508 N.W. 77th St., Boca Raton, FL 33487 


CIRCLE NO 330 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


EDN September 29, 1988 


237 


Wideband Noise Generator 


DUAL OUTPUT 30 WATT MINIATURE 
DC-DC POWER CONVERTER 


These HI-REL power converters are now available in dual out- 
put configurations: 
+12 VDC @+1.25A, and +15 VDC @+1A. 
e Up to 86% efficiency e 22.8 Watts/in3 
e 500 VDC isolation e Short circuit protection 
e Input range 18 to 40 VDC e Metal packages ideal for 
e Additional environmental military, aerospace, and 
screening available other HI-REL applications 
The dual-output MTW devices are priced at $487.00 each (100 quantity). 
For more information, contact: 
INTEGRATED CIRCUITS INCORPORATED 
10301 Willows Road, Redmond, WA 98052 
800-822-8782 


CIRCLE NO 331 


and your 
¢ Computer 
reacts = ~ 


| . 


Cherry VeiceScribe-1000 
Speech Recognition System 
List price only $1195 


Input data and enter commands...... hands free! 
1000 word vocabulary ...... Send for information. 


CHERRY 


CHERRY ELECTRICAL PRODUCTS 
3600 Sunset Avenue® Waukegan, IL 60087 ¢312-360-3500eFAX: 312-360-3566 
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XN vem, / 


— ir 
« cat 


INDEPENDENT, DUAL OUTPUT, 
HYBRID CLOCK OSCILLATOR 
This innovative clock oscillator provides two distinct frequen- 
cies from two independent quartz crystals mounted in a 
Standard 14 pin metal DIP. Note the following beneficial 
features: 
e Two independent outputs from 4MHz to 60MHz. 
e High speed CMOS output with full TTL compatibility. 
e Saves board space. 
e Can cost less than two single output clock oscillators. 
e Saves purchasing, inventory, and assembly costs. 
Six models are available depending on desired over-all fre- 
quency stability (100ppm to 25ppm) with an operating 
temperature range of 0 to 70°C. 
PLETRONICS INC. 
9026 Roosevelt Way N.E., Seattle, WA 98115 
Phone: (206) 523-9395 FAX (206) 525-2350 
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Model CNM-2000 


APPLICATIONS FEATURES 

¢ Precision noise testing ¢ 15 kHz to 430 MHz +1 dB 

¢ Wideband communications _* New design technique 
system assessments eliminates aging problems 

¢ RF gain and bandwidth tests »* Low deviation from ideal 

¢ Receiver noise figure gaussian shape 
measurements ¢ 50Q output impedance 

¢ Intermodulation tests ¢ 24 Pin Hermetic Package 

Module: $149, Evaluation Kit: $169 


P.O. Box 13113 
Kanata, Ont. 
K2K 1X3 


Ph: (613) 831-0424 
Fax: (613) 831-1936 


CIRCLE NO 332 


MEMORY CHIPS 


256K | 64k 
64Kx4 1256Kx4 
ma IMEG | 
8087 80287 
80387-25Mhz 


In the box with manual and warranty 


718-353-3353 


P.S. We also buy surplus 


Quick response 
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@ PROGRAMS, 
READS, DUPLI- 
CATES, TESTS 
AND SECURES 
HUNDREDS OF 
20- AND 24-PIN 
DEVICES 

@ 23 UNIVERSAL 
PIN DRIVERS 
WITH INDE- 
PENDENT DAC, 
ADC & SLEW 
FUNCTIONS 
PROGRAM AL- 
MOST ANY 
LOGIC DEVICE 

@ MENU DRIVEN 
OPERATION IS 
EASY TO 
LEARN AND 
QUICK TO OPERATE 

@ CONNECTS TO ANY IBM COMPATIBLE VIA PARALLEL PRINTER PORT 

@ EDITS FUSE DATA & TEST VECTORS WITH FULL SCREEN EDITOR 

@ TESTS WITH VECTORS & SECURES AFTER PROGRAMMING 

@ SUPPORTS ALL POPULAR PLD DEVELOPEMENT SOFTWARE 

@ ONLINE HELP FUNCTION @ ONE YEAR WARRANTY 

@ SELF CALIBRATING @ SAME DAY SHIPMENT 

@ JEDEC FILE INPUT & OUTPUT @ GOLD TEXTOOL ZIF IC SOCKET 

@30 DAY MONEY BACK GUARANTEE @ UPDATABLE VIA FLOPPY 

@ EPROM PROGRAMMERS ALSO @ TOLL-FREE TECH SUPPORT 

@ JUST $798 


CALL FOR FREE DEMO DISK OR INFO 800/225-2102 


Pitti Lia 
BP MICROSYSTEMS 


10681 HADDINGTON #190 HOUSTON, TX 77043 
713/461-9430 TLX: 1561477 FAX: 713/461-7413 
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LOGIC. PROGRAMMER 


UNIVERSAL LOGIC PROGRAMMER 


87C51 PROGRAMMER $125 


The UPA87C51 converts general purpose program- 


mers to 8751/87C51 programmers. Select 2732A on 
your programmer, plug in the UPA, and you have an 
8751/87C51 programmer. With the UPA87C51 you 
can also program the 8751 and 87C51 security bits 
and the 87C51 encryption array. It’s very simple and 
VERY cost effective. 

Price $125.00 including UPS ground shipping. 
Adapters are also available for the 63701V0O, 
63705V0 and 8751 and are priced at $65.-$95. 


Logical Systems Corp. 


PO Box 6184 Syracuse NY 13217-6184 USA 
(315) 478-0722 Telex 6725617 LOGS 
FAX (315) 475-8460 


CIRCLE NO 333 
FIX 80386 —- NEW 


FIX-80386 is a daughter socket that fits between the 80386 
and 80386 socket with circuitry to provide a solution for 
80386 chip errata 21 problem (same size as 80386). Problem 
occurs when arithmetic coprocessor activates PEREQ while 
in virtual paging mode (UNIX or possibly MS-DOS if in pag- 
ing). Constructed with gold machined pins for reliability. 
PROTOTYPE ADAPTORS, (devices from 24 to 240 pins) 
TEST ADAPTORS, FIX SOCKETS, and Quick Turnaround 
Customs also available. 


IRONWOOD ELECTRONICS, INC. 
P.O. Box 21-151, St. Paul, MN 55121 
(612) 431-7025 
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DSP ASAP 
$1995 


Drive your DSP design to market as fast as possible with 
our 320C25 in-circuit emulator. 

The ICE PAK features real time emulation to 40 MHz, 
16K words (35ns) program overlay memory, user definable 
break handler routine, single step trace, disassembler, and 
RS-232 communications for fast downloading of 
programs and data. 

Options include 64K word non-volatile 
memory upgrade, cross assembler 
and communications software 
for PC or Macintosh. 
Inquire about our 
320C10 ICE PAK. 
1301 Denton Drive, 
Suite 204 
Carrollton, 
TX 75006 
(214) 446-9906 


MEMOCOM 


DEVELOPMENT 
1 0 0 LL 8 
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~_--: Z80,000™ AT-BUS SBC (ATZ80K) 
Zilog’s new Z320™ 32-bit pipelined CPU/MMU/CACHE unit 
is the heart of this PC-/AT™ coprocessor, passive-back- 
plane master, or stand-alone SBC. Get 2 to 5 MIPS per- 
formance atio MHzwith 1M or 4M 32-bit burst-mode no- 
wait-state RAM, 4 32-pin EPROM/EEPROM sockets for up to 
512K 32-bit burst-mode no-wait-sate non-volatile storage, 
2 RS-232 ports, 24 1/0 lines, 3 16-bit counter/timers, an 8-bit 
DIP switch, and an SBX connector. Debugger, assembler, 
and C available. 
Call or write for more information. 
2 Single Board Solutions, Inc. 
20045 Stevens Creek Blvd., Cupertino, CA 95014 
(408) 253-0250 


-Z80,000 & Z320 are trademarks of Zilog 
PC-AT is a trademark of IBM 
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EE DESIGNER III 
Integrated End-to-End System 


e Schematic Capture 
e Logic Simulation 

e Analog Simulation 
e Full PCB Layout 

e Backannotation 

e Autoplacement 

e Autorouting 

e Pen & Photoplotting 
e PC-Based 


_ Call For Free Evaluation Package 
(714) 474-1145 

| FREE TRAINING & HOTLINE 

| Distributed by 


UNTTECE, 
17932 Sky Park Circle 
— Suite D 


Irvine, CA 92714 
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Analyzer 
Emulator 


-POWERFUL 
~EASY TO USE 
- AFFORDABLE 
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DING souRCE 
BIOS== iF. 


The XT BiosKit isa270 page book with adiskette 
containing source code in C, plus utility programs 
to help you create a Bios. Now you can have a 
Bios with documentation for your own applica- 
tions: modify boot-up, eliminate the keyboard, 
install security features, etc. Only $99 complete. 
The AT BiosKit is only $199, or get both Bioskits 
for $279. 


— XT-AT HANDBOOK — 


The XT-AT Handbook is full of hardware and 
software information ina shirt pocket size book. 
Over 70 pages covering 38 subjects, including 
connectors, I/O maps, controller programming, 
DOS and DEBUG commands, board dimensions, 
character codes, hard disk drive types, and 
much more. Only $9.95 each qty 1-4, five or 


more, $5 each. m ga 
Annabooks | 
12145 Alta Carmel Ct. 250, Suite 262 


San Diego, California 92128 
(619) 271-9526 


CIRCLE NO 341 
ATTENTION 


7: 


Maximize the power of your EE Designer CAE/CAD system... 
with SUPERROUTE, a high performance 100% ripup-and- 


retry autorouter. SUPEROUTE handles the toughest chal- PC b ase d PROGRAMMER 
lenges: including fine-line, multi-layer and double sided SMD . 
boards with routes so clean they look like they were done by $5 99.00 


hand. And because no two boards are identical, SUPER- *modules not included. 
OUTE lets you set the routing rules and strategies. Best yet, 


3 , From A Name You Can Trust 
SUPEROUTE can operate independently, running day and 
night without tying up your CAD system. Call (714) 474- LOGICAL DEVICES INGE 
g eo 


1145 for a benchmark or a free evaulation package. 
Distributed exclusively by: — _____ 1201 N.W. 65th Place, Ft. Lauderdale, FL 33309 
1-800-331-7766 (305) 974-0967 
Telex 383142 Fax (305) 974-8531 
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17932 Sky Park Circle Ste D 
Irvine, CA 92714 (714) 474-1145 


CIRCLE NO 344 


MINIATURE TELEVISION CAMERA. 
Clica Inc. presents a full feature high resolution monochrome 
solid state camera, size 2” high, 1.5” wide and 3.75” long. 
You can select manual/auto gain, internal/external sync and 
gamma value. Output for optional auto-iris lens. 610 x 488 
pixels resolution. Standard RS170 video output. Comes with 
lens and power supply. 1-10 unit price $950. 


Call or 
selected inventory list. 
Hybricon 


12 Willow Rd., Ayer, MA 01432 


Telephone agelicalnc. 
East Coast West Coast Pscchiilgs ocle 
508-772-5422 602-921-1824 bal eetaay 0 
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6809 NEW PRODUCT UPDATE NO.2 


In the last year the following SBX 
modules were introduced .. 


= LSBX - 386 I/O 
2 Serial And 1 Parallel Ports 


= LSBX - SER 4 
4 High Performance Serial Channels 


= LSBX - RAM 32 
8K or 32K Battery Backed Up RAM 


(408) 496-1881 


fimer, IEEE-488, EPROM programmer, floppy disks, sf Computer Modules, Inc. 
:2= 2348C Walsh Ave. 


cassette, breadboard, keyboard/dispiay. 2 


ee eto | SS Santa Clara, CA 95051 
re gs 4804 South Sf SSS 
VV WIN 3 EK Laleiel: IN poe 
ances J 800-742-6809 iSBX, iSBC and Multibus are registered trademarks of Intel Corp. 


UNIVERSAL E(E)PROM 
PROGRAMMER $495 (Kits from $165) 


@ No personality modules; Menu driven device selection. 


@ Built-in Eraser/Timer option ($50); Conductive foam pad. 
e Direct technical support; Full 1 year warranty. 
@ Stand alone duplication & verify (27XX parts). 
@ Quick pulse algorithm (27256 under 60 sec). 
@ 27xx to 1 Mbit; 25xx; 68xx; CMOS; EEPROMS. 
@ 8741,-2,-4,-8,-8H,-9,-9H,-51,-C51,-52,-55, 9761 & more. 
e@ IBM-PC, Apple, CPM or Unix driver; Autobaud RS232. 
@ Offset/split Hex, Binary, Intel & Motorola 8,16,32 bit. 
@ Manual with complete schematics. 
VISA MC AMEX Call today for datasheets !! 


B&C MICROSYSTEMS 


355 WESTOLIVE AVE. SUNNYVALE, CA 94086 
PH: (408) 730-5511 FAX: (408) 730-5521 TELEX: 984185 
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UNIPRO™ 
UNIVERSAL PROGRAMMER AND 
MEMORY/TTL IC TESTER FOR PC/XT/AT 


E(E)PROM (16K-1MB) 
PAL (20 & 24 pins) 
BIPOLAR 
8741/42/48/49/50 CPU 
87(C)51/44 CPU 
DYNAMIC/STATIC RAM & 
TTL TESTER 

Option: 4 Socket Adaptor 
only $585 complete 


Other products available. Individual programmers for 
E(E) PROM (up to 1MB), PAL, BIPOLAR, 8748 series, 
8751 series, Memory/TTL Tester, and gang program- 
mers with 4, 8, and 16 sockets. Also industrial quality 
EPROM Eraser with timer and safety switch is avail- 
able. (erases 30 of 28 pin eproms at a time) 

OEM & Distributor welcome. 10% educational discount 


BLIND MATABLE 
POWER SUPPLY CONNECTOR 
L Series rack & panel connectors provide optional 8, 15, 25, 
90 and 200 amp contacts in a rugged float mountable 
assembly. L Series connectors use the Hypertac®Hyper- 
boloid, low force contact which offers high cycle life, im- 
munity to shock and vibration, and contact resistance in the 
.4 to 2.5 milliohm range. 
HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson, MA 01749 
(508) 568-0451 
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COMPLETE DEVELOPMENT SYSTEM 
FOR MACHINE CONTROL 
APPLICATIONS 


HYBRID BURN-IN RECEPTACLES 


KS Series 5-10 position receptacles on .200” centers carry 
15 amps at under 2.5 milliohms contact resistance. They 
mate with .040” diameter pins of electronic components. 
Solder cup contacts with stainless steel mating surfaces pro- 
vide —55°C + 200°C operating temperature range. 


HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson, MA 01749 
(508) 568-0451 
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473 Sapena Ct. #24 VISA 
Santa Clara, CA 95054 

Tel) 408-727-6995 AELTEK iy 
FAX) 408-727-6996 

1-800-541-1975 
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PC/AT/PS2 


99.995% RELIABILITY: 
YST THERMISTORS ARE 
_ ALMOST PERFECT! 


With 99.995% reliability, YSI precise, 
stable thermistors are ready for off-the- 
shelf delivery for application in your cir- 
cuit. Tight tolerances, +0.1°C and +0.2°C, 
are standard. Send for our thermistor cata- 
log. Or call toll-free, 800 343-4357. 


TINY188 is a low cost “PC somewhat com- 
patible” engine for OEM controller applica- 
tions. A selection of high level languages is 
available in ROM. 


GP-IB, HP-IB CONTROL FOR YOUR PC, 
PC/AT and IBM PERSONAL SYSTEM/2™ 
© Control instruments, plotters, and printers. 


@ Supports BASIC,C, FORTRAN and Pascal. 
@ Fast and easy to use. Thousands sold. 
@ Software library. Risk free guarantee. 


Capital Equipment Corp. 
CeC 99 South Bedford St. 


DDS188 An optional development board with 
EPROM programmer, floppy disk controller 
and added memory, removes to lower target 
system cost. 


Prices start at $269 each/$99 at 1,000. 


Burlington, MA. 01803 Vesta Technology, Inc. 
FREE demo disk. Call (617) 273-1818 (303) 422-8088 
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YSI Incorporated F 


Yellow Springs, Ohio 45387 USA 


solenoid Valve 
Engineering Catalog 


Send for the latest 40-page Solenoid Valve catalog from 


Deltrol » Packed with useful information on full range of 2 & 
3-way solenoid valves for most liquids and gases « Direct 
acting normally open and normally closed models with 
plastic-molded coils, brass or stainless bodies. 


DELTROL 2745 S. 19th St. 


Milwaukee, WI 53215 


Phone 414/671-6800 
concrals [9 ae Telex 2-6871 


4331 DIVISION OF DELTROL CORP. 
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e Four Independent RS-232 Ports 


© Flexible Interrupt/Address 
Options 
e Discounts Available 
© For Models 50, 60, 80 


4-800-553-1170 


QUA TECH 


INCORPORATED 


478 E. Exchange St., Akron, OH 44304 
TEL: (246) 434-3454 FAX: (246) 434-4409 
TLX: 5404042726 
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TTC OFFERS HIGH QUALITY 
BUT LOW COST PRODUCTS. 


terminal 


SIMM is a Trade Mark 
of Wang’s 
Edge Card Laborotories. 


C ector 
a SIMM Socket 


. SIMM Socket (Special disign) -Signie Row & 
Double Rows (Vertical & Angle) All can be stacked. 

. PLCC Socket -28p. 32p. 44p. 52p. 68p. 84p 

. Edge Card Connector; -6p. 36p. 50p. 60p. 62p.80p. 
86p. 98p. 100p. 104p. 

. LC Socket -8p. 14p. 16p. 18p. 20p. 24p. 28p. 40p. 
34p (16p & 18p can be changeable)-4 Rows 

. Shunts (Mini Jumpers) -Open entry, close entry. 

. pin Headers: 2p-40p (Single Row or Double Rows 
Straight or right Angle) 


— 


ou ca wn 


TTC Shih Hsin Precision Corp. 
Address: No. 234 JUN SHINN STREET, SHU-LIN 


; TOWN, TAIPEI, TAIWAN, R.O.C. 
TEL: 886-2-6894655, 6894656 
TELEX: 33210 TTCCO FAX: 886-2-6894657 
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Taiwan Samarium 
Cobalt Magnets 


PMI now offers RARE-EARTH COBALT 
MAGNETS, the SmCo5 and the 
Sm2Co17. In addition to our wide 
selection of high energy products, PMI 
offers perfect performance and the 
most competitive price to meet all your 
requirements. 


| PMI CAN HANDLE ALL YOUR OEM REQUIREMENTS. 


PROPERTIES 7 PMI-28 


RESIDUAL FLUX kG 78-30 | 80-90 | 34~104 | 102~11.0| 105-115 
DENSITY Be 0.78~0.90 | 080~0.90 | 094~1.04 | 1.02~1.10 | 1.05~1.15 
kOe 0-90 | 78-30 50-65 | 50-6 ~9, 
coERcIVE | PHC aim 550~720 | 620-720 | 390-520 | 39 
' oO ' 


FORCE 


POWER MAGNET INDUSTRY CO., LTD. 
OFFICE: FACTORY: 

9TH FL., PRINCE BUILDING NO. 18, SHIH WEI ROAD 

NO. 19 CHANG CHUN ROAD HSIN CHU INDUSTRIAL DISTRICT 
TAIPEI, TAIWAN, R.0.C. HU KOU, HSIN CHU 

TEL: (02) 562-8333 (5 LINES) TAIWAN, R.0.C. 

FAX: 886-2-542-4829 

TLX: 16196 YSFANG 
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MULTI-CHANNEL 
R 


COMMUNICATION BOARD 

e Eight Independent RS-232 Ports 

e Flexible Interrupt/Address 
Options 

e Comadriver Plus Software 
Included 

e Discounts Available 


4-800-553-1170 


QUA TECH 


VNU rt UI FAA tft 


478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434-3454 FAX: (246) 434-4409 
TLX: 5401012726 
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SCHEMA II 
Schematic Capture 


FREE Demo Disk: 1-800-553-9119 
SCHEMA’s success is the talk of the CAE industry 
and thousands of satisfied SCHEMA owners know 
why. Incredible speed, ease of use, and power have 
made SCHEMA a best-selling schematic capture pro- 
gram for engineering professionals the world over. 
Now, SCHEMA II is available. 
SCHEMA II sells for $495 and sup- 
ports most common IBM PC/XT/ 
AT configurations. Please call today 
for a free SCHEMA II demo disk. 
Rm 
OMATION 
In Texas Call (214) 231-5167 
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Product Development 


The PDKS1 is a powerful and economical 
choice for the development of 8051-based 
systems. The PDKS51 is used with an IBM-PC or 
equivalent and includes: 


e SIBEC-Ii 8052 Basic Microcontroller 
e SXA51 Cross Assembler — 

e ROM-Based Monitor/Debugger 

e PROM Programmer 

e Power Supplies 

e Documentation, Tutorial and More 


Call Now! (603) 469-3232 
€ &) Binary Technology, Inc. 


y Main St., P.O. Box 67, Meriden, NH 03770 


SAVE SPACE WITH 
Q/PAC® COMPONENTS 


¢ Provide built-in capacitance 
e Eliminate decoupling capacitance 
e Gain 4-layer board quietness 
with 2-layer economy 
¢ Vertical or horizontal mounting 
Send for Rogers Q/PAC® 
Application Bulletin. 
Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 
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™ 
yfango Sets The Pace! 
Tango’s ease-of-use, rich functionality 


and crisp output have brou 
to life, quickly and 
affordably. 


Start-to-finish design tools include: = 
Tango-Schematic With Library Manager, $495 
Tango-PCB 1 mil Grid, 9 Layers, Gerber Output, $495 
Tango-Route Autoroutes 90+%, Fast!, $495 
Tango-Tools 8 Money-Saving Utilities, $295 
Let's discuss your design needs Toll-Free, or order a full 
function Evaluation Pkg, just $10. VISA/MC. 


800 433-7 80 iO Se 


ACCEL Technologies, 7358 Trade St., San Diego, CA 92121 
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TIGER POWER 


40-350W range of switching power supplies 


No WAITING FOR COMPLETE, LOW 
PRICED, CHIP COMPONENT KITS 


CC-1 Capacitor Kit contains 365 pieces, 5 ea. of every 
10% value from ipf to 33uf. CR-1 Resistor Kit contains 
1540 pieces; 10 ea. of every 5% value from 102 to 10 meg. 
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and 
available for Immediate One Day Delivery! 


Order by toll-free phone, FAX, or mail. We accept 
VISA, MC, AMEX, COD orders, or company POs with 
approved credit. Call for free detailed brochure. 


Model: BM-2150 
(Mini Tiger) 


Lead Year’s main SPSs products are: 


— PS/2 models — 386 tower models 
— 286/386-type PC/AT models 

— Mini Tiger’ super compacts 

— Cubic Baby AT models 

— PC/XT models — OEM are welcome 


Sm fa fe 
a ego@O & @ 
E-97155  .A65589 60200 SEMKO  FMC8HM FIZ 
U.S.A. CANADA WG. SWEDEN USA. W.G 
Contact us today for more information 


on how Lead Year's Tiger Power make 
your electronics great! 


Lead Year Enterprise Co., Ltd. 
ba 3F, No. 481, Chung Hsiao E., Rd., Sec. 6, 
Taipei, Taiwan, R.O.C. 
TIGER POWER P.O. BOX 53-352 Taipei Tel: 886-2-7857858 
Tlx: 10862 LEADYEAR Fax: 886-2-7857852 


PC/XT. PC/AT. Baby AT and PS/2 are trademarks of the international business Macrines Corp 
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68HC11 EMULATOR 

The Micro-AID/11A and an IBM PC/AT provide complete 

development support for the Motorola 68HC11 microcon- 

troller. 

e In-Circuit Emulator - Real-time emulation of the 68HC11 
in both single chip and expanded modes. 

e Real-Time Trace - 2Kx32 memory captures up to 2048 
cycles of bus activity. 

¢ Symbolic Debugger - Allows symbolic reference to par- 
ameters in emulator commands. 

e FEPROM Programmer - Programs the 68HC11 on-chip 
EEPROM. 

e Micro-AID/05A available for the 6805 family. 


COMMUNICATIONS SPECIALISTS, INC. 
| |_| Rea eer ae 


Entire U.S.A. 1-800-854-0547 
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Analog Circuit Simulation 
NEW IS_SPICE/386 On 386 PC's, $386 


Outperforms 
Workstations 
Increases Speed 
by 200 - 600% 


Circuit Size 
nearly Unlimited 


Supports 287, 387, 
Weitek 1167/3167 


IS_SPICE runs on all 80x86 PC's for only $95.00: 
Performs Complete AC, DC, and Transient Analyses. i 


SPICE_NET, $295: Schematic Entry for any SPICE 
simulator. Automatically makes a Complete SPICE 
netlist. Easy to use Menu Drive program included. 


PRE_SPICE, $200: Monte Carlo Analysis, Parameter 
Sweeping and evaluation. Extensive Model Libraries. 


Intu_Scope, $250: A graphics Post Processor that 
works like a digital oscilloscope. Easy to use with the 
most comprehensive set of waveform operations 


available. Please Write or Call 


THORSON ENGINEERING COMPANY 


P.O. Box 6607 (213) 833-0710 
an Pedro, CA 30 Day Money 6225 76th St. S.E., Snohomish, WA 98290 
90734-6607 Back Guarantee (206) 334-4214 
CIRCLE NO 780 


$2295 
RETAIL 


$1695 00 


INTRODUCTORY 
OFFER 


CAE/CAD Integrated Software Package 
for IBM PC/XT/AT/PS2 


Weigh Cost Against Performance 

When you balance cost and performance, EE Designer III gives 
you more features per dollar than any other electronic design 
software package. You get full-featured PCB layout plus sche- 
matic capture, analog/digital circuit simulation, support for 
EMS memory, 45 degree autorouting, and full postprocessing 
functions. EE Designer packages start at $995. 

30 day money back guarantee. Full purchase price refunded 
if not completely satisfied. Call 1-800-553-1177 today to order 
your package. Bank cards welcome. 


¢ Model PC 3600 
¢ Repeatability .001” 

¢ Speed at 7” Per Second 
e Vacuum Paper Hold Down 


¢ High Resolution Circles: Suitable for 
PCB Artwork 


(415) 490-8380 ZERICON 


STEVENSON BUSINESS PARK 
BOX 1669 © FREMONT, CA 94538 
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Product Mart, call Joanne Dorian, 212/463-6415 


MOUSE-TRAK 
The Stationary Alternative _ 
_ For Precision and Comfort! | 


This new space saving input device emulates both Microsoft and Mouse Systems 
RS-232 mice. With MOUSE-TRAK you can watch your screen and not your mouse 
running off your desk. ee se 
With a single connection to your computer, no power supply or mouse pad is 
necessary. : ae ae * 
MOUSE-TRAKs ergonomic design with soft wrist pad puts complete control of 
cursor and input at your fingertips. - a eae 
Special features include speed control, allowing the user to toggle the resolution with - 
a 4:1 ratio. User definable input keys offers added versatility and comfort. 
Pricing - $139.00 - $179.00 © 
For further information: oe 
ITAC SYSTEMS, INC. . 
3121 Benton Drive, Garland, Texas 75042 U.S.A. 


1-800-533-4822 Fax 214-494-4159 
CIRCLENO778___ 


BULLET-286AT 
THE UNBEATABLE VALUE 


ig 
H OFS FDES 


€ ee : 
Pee tt 2 ka Sieg 
He VS H.R 


SRHKOHRHRHSS 


$d 


R265 33 oe 


SSR RHRKERRB 


SHOKOHAHAHRA 
e SRR ‘ 
Owes 


REKRSRSAKRHERH AR 
ath ag eats 
RSHABURGEVBE DE w 
BROKER E SR HD B® 


ce) 
a 
eer 


RLSSKSES HES Ses 
oy : ? $ ; o 


SCHEMATIC CAPTURE TO PCB LAYOUT $695.00 
Before buying EE Designer, FutureNet, 
PCAD, or separate Schematic & PCB editors, 
check our one CAD Total Solution. Schematic/ 
PCB editor supports 15 hierarchy levels, 50 
layer, auto parts package, rat’s net, rubber 
banding, 1 mil resolution, unltd trace widths, 
GND plane, etc. Optional Auto-Router, DRC 
ane Gerber. $75.00 for full function evaluation 
it. 
Interactive CAD Systems 

2352 Rambo Court : : 

Santa Clara,CA 95054 (408) 970-0852 
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CROSS-COMPILERS 


Field-proven, reliable software 
Runs on VAX, Sun, PC/XT/AT 


Includes compiler and optimizer, 
relocating assembler, 
linker/librarian, run-time C 
library, and various utilities 


Uxapi Systems, Inc. 
P.O. Box 3095 * Everett, WA. 98203 
(206) 258-1163 
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PC488B $345 


IEEE-488 INTERFACE CARD WITH 
BUILT-IN BUS ANALYZER 


@ GPBASIC package complements IBM/Microsoft BASIC 
interpreter and compiler to create a programming 
environment similar to HP desktop computers. 

e Additional libraries of over 20 high level 488 dedicated 
functions for C, Pascal or Fortran available ($50). 

© Powerful menu-driven bus analyzer, which can run in 
the foreground or in the background while 488 programs or 
commands are executed, features program stepping, break 


points and realtime bus data capture (4k circular buffer). 
@ Instant toggling between foreground and Analyzer screen. 
e@ Complete Talker/Listener/Controller capability. 
@ Dipswitch selectable Base Address, IRQ, DMA 


VISA MC AMEX 
B&C MICROSYSTEMS 


355 West Olive Ave, Sunnyvale, CA 94086 
PH: (408)730-5511 FAX: (408)730-5521 TELEX: 984185 


Call today for datasheet!! 


CIRCLE NO 788 


ELIMINATE DECOUPLING CAPACITORS 


CAP-BUS® CAPACITOR/BUS BAR 
Eliminate the decoupling capacitors and the 
power and ground traces from your PCB for 
more reliability. CAP-BUS® has a distributed 
capacitance of .05 micro-farads per lin. in., at 
50 VDC with low inductance and low im- 
pedance. The capacitor and the bus bar have 
been joined together for CAP-BUS®; a more 
efficient capacitive decoupled power dis- 
tribution system, increasing IC density on a 
two sided board. 


ELDRE COMPONENTS, INC. 1500 Jefferson Rd. 
Rochester. NY 14623 


(716) 427-7280 
CIRCLE NO 791 


EASY TO LEARN - EASY TO USE 
e Edit and compile while debugging in the IBM, PC/AT/XT 


e Access, display and modify variables with zero speed 


impact on 8096/196 microcontrollers. 
e Symbolic debugging with ASM96, PL/M96 & C96 
e Multiple hardware breakpoints. 


OT Micro Systems, Inc. 


612 Third St., Annapolis, Maryland 21403 


(301) 296-8096 
CIRCLE NO 786 


Schematic and PCB Software 
Create and revise schematics and PCBs quickly and 
simply with HiWIRE-Plus® and your IBM PC. Use 
symbols from HiWIRE-Plus’s extensive library, 
modify them, or create your own quickly and pain- 
lessly. Netlist, bill-of-materials, and design-checking 
utilities are included. HiWIRE-Plus is $895 and 
comes with a thirty-day money-back guarantee. 

Wintek Corp. 
1801 South St., Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 
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8051/52 


in-Circuit Emulators 


e Source level debug for PL/M-51 and C-51 


e IBM-PC/XT/AT/386 windowing interface 
with EGA 43-line, color, and mouse support 


« Complex Hardware real-time breakpoints 


« Hardware Trace Buffer with filtering control 


« Program performance analysis 


e Slevel hardware sequencer, Pass Counters 


e NO PC PLUG-IN Boards 


SIGNUM SYSTEMS 


1820 14th St., Santa Monica, CA. 90404 
(213)450-6096 telex: 362439 
CIRCLE NO 792 


Programmable 
Trackballs 


CTI trackballs with 
EPROM memory ¢ 
permit customer © 
reprogramming of 
the output interface, 
eliminating hardware 


redesign costs. 


Choose from our program 
library or count on us to reprogram. 
RS-232C, RS-422, TTL, and quadra- 
ture outputs. High quality, in-depth line 
includes 2.5" x 2.5" footprint mini unit. 
Call today for literature. 


Girl electronics 


200 Benton Street, Stratford, CT 06497 
Tel: 203/386-9779 
CIRCLE NO 787 
NON-VOLATILE CARTRIDGE RAM DRIVE 


MS-DOS FLOPPY DISK REPLACEMENT 
e Takes up no expansion slots 
e Acts like a disk drive — bootable 
e 360K, 720K, 1.2 Meg and 1.44 Meg Cartridges 
e Over 10 year battery life 
e Reliable solid state design — no moving parts 
e Connects directly to floppy disk controller in IBM 
and compatible computers; no drivers. 
e Two year warranty 
DRIVE, INTERFACE AND 360K - $695; 


with 720K - $895 


| TARGA ELECTRONICS 
© Targa SYSTEMS 


(617) 731-9941 or 
TOLL FREE 1-800-267-9793 
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SOURCE 
CODE 


REGISTERS 


dICE-51.09™ 


8051 Debugger with In-Circuit-Element 


The CY-8051 in-circuit element replaces the 8051 and com- 
municates with your IBM-PC over COM1. The powerful 
dynamic user interface provides source code and symbolic 
debugging with easy access to all 8051 spaces. Live keyboard, 
Global Symbol Monitor, ‘C’ support. Histogram generated 
during reduced speed execution. Lowest cost, most powerful 
8051 design support. Mil spec and CMOS versions available. 


Cybernetic Micro Systems, Inc. 


Box 3000 e San Gregorio, CA 94074 e USA 
(415) 726-3000 « Telex: 910-350-5842 
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CAREER OPPORTUNITIES 


1988 Editorial Calendar and Planning Guide 


EDN 


Issue Recruitment 


Date Deadline Editorial Emphasis EDN News 
Oct. 27 Oct. 6 CAE, Computers & Peripherals, Integrated Circuits, Wescon '88 Show Preview 
Nov. 10 Oct. 20 Programmable Logic Devices, Integrated Circuits, Test & Measurements, Wescon '88 Show Issue Closing: Oct. 27 
Nov. 24 Nov. 3 Microprocessor Technology Directory Graphics, CAE Mailing: Nov. 17 
Dec. 8 Nov. 16 Product Showcase—Vol. I, Power Sources, Software 


Pee a ee ON egy Tak ue eee ee | Pe peer mh De BR ah ae Ca ee ee Closing: Nov. 21 
Dec. 22 Dec. 1 Product Showcase—Vol. II, Computers & Peripherals, Test & Measurement Mailing: Dec. 15 


Call today for information: 


East Coast: Janet O. Penn (201) 228-8610 
West Coast: Mary Beth West (213) 826-5818 
National: Roberta Renard (201) 228-8602 


Impact the Future. 


If You're Looking 
For a Job, 


You've Come to 
The Right Place. 


EDN CAREER 


Bell Aerospace currently has these career challenges 
available at its Niagara Falls Headquarters: 


e RF Design Engineer — BSEE and two 
years’ experience in digital design, signal process- 
ing, and communication systems. 

e Antenna Design Engineer — MSEE and 
solid background in electromagnetics, microwaves, 
and phased array antenna design. 


* Antenna Design Engineer — MSEE and 
solid skill in design and testing of microwave com- 
ponents (polarizers, waveguides, etc.) and reflec- 
tive antenna experience. 


Impact your future. For prompt, confidential 
consideration rush your resume, including 
salary history, to: 


Stephen B. Colan 
Professional Recruiter 
ATN-91 
Bell Aerospace TEXTRON 
Post Office Box One 
Buffalo, NY 14240 


U.S. CITIZENSHIP REQUIRED. 
An Equal Opportunity Employer, M/F/H/V. 


Bell Aerospace hi 3, 41), 


Division of Textron tec. 


OPPORTUNITIES 


Engineering Systems For Tomorrow. 
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N E 3 R 5 


Home in on an extraordinary career at GE Government Electronic Systems Division. If you are 
an engineer with the ability to create sophisticated sonar systems, there is tremendous future within 


range. 


Our Undersea Systems Department is a recognized leader in ASW technology for Surface Ship and 
submarine based systems. We continue to expand our technology and program base through our 
reputation for delivering quality products and well funded IR&D programs. 

As ASW technology continues to grow, you owe it to yourself to grow with the leader. 


Cmos Gate Array - 

Design/Development 

Hardware development engineers with 8+ 
years experience in switch design, build 
and test. Analytical and simulation skills. 
VLSI environment. 


Real Time Software Development 
Engineers with 7+ years software 
experience, including algorithm develop- 
ment. Military systems background 
strongly preferred. 


Software Quality Assurance 


Software engineers with 7+ years military 
electronic systems experience, including 
knowledge of MIL-S-483/2167/2168. 


Program Management 

Must have 10+ years in-depth experience 
in ASW systems development. Broad rang- 
ing software/hardware knowledge. Exper- 
ience in large program prime contractor 
environment. Subcontractor management 
experience. 


Sonar Array Hardware . 


Project engineers with 8+ years experience in 
advanced architecture and design of sonar 
hardware. Will lead a development team in all 
related functions: wide aperture array design, 
transmitter design, electronics packaging, 
cabinet design, simulation and modeling, etc. 


Combat Systems Engineering 

Requires 5+ years in analysis, design and 
development of large scale shipboard ASW 
systems. Must be knnwicdgeakis in weapons 
control systems engineering, reliability/main- 
tainability and human factors. 
Acoustics/Signal Processing 

Systems engineers with 5+ years design 
experience involving towed and remote sonar 
arrays. Sensor systems design and algorithm 
development are key requirements, also target 
motion analysis. 


Software Architecture 


Requires 7+ years experience in large systems 
design involving embedded programmable 
a (68000 or similar processor). 

amiliar with top down structured design in 
ADA or Fortran. 


Additional positions are available. For prompt response forward your resume to: 
GE Company, Professional Staffing, Code ADEDN, P.O. Box 4840, EP-1-106, Syracuse, NY 13221 


GE Government 
Electronic Systems 


DON'T LET A GREAT © 
OPPORTUNITY SLIP BY.... 


An Equal Opportunity Employer — No agencies please 
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It’s easy for companies to see what's going on around them. 
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Market trends. New product developments. Competitive activities. 
What sets Motorola’s Semiconductor Products Sector apart 

is focus on our internal force. The power of a strong partnership 
with our people. People who are the source of innovation. 

| It is this 
unwavering belief in employee participation and recognition that 
is the foundation of our technical achievement. That invites our 
continued growth and success. 

When you enter Motorola’‘s 
Semiconductor Products Sector, you enter a storm of activity that 
excites the imagination of the designing and discriminating mind. 


Specific needs for development and support of our 88000, 
68000 and 56000 product lines has created a world of 
opportunities in Motorola's High-End Microprocessor design 
organization in Austin, Texas for: 


MASK LAYOUT DESIGNER 


Work with schematics, logic diagrams and engineering notes to plan and 
execute topological design of VLSI MPU circuits. Support revisions of 
existing design and direct design staff. Requires Associate Degree and 
2-5 years related experience. 


CIRCUIT DESIGN ENGINEERS 


Perform design and analysis of high speed CMOS circuits related to micro- 
processors and peripherals, and assist test/product engineers. Requires 
BSEE and 2+ years experience with knowledge of microprocessor 
functionality and characteristics. 


32-BIT PRODUCT MANAGER 


Responsible for the success of the 32-bit Product Line. Duties include 
forecasts, price strategy, competitive analysis, cost analysis, new product 
introduction, first level technical contact with customers and intra company 
representation. Requires BSEE and 3+ years experience in computer 
systems; MBA helpful. 


PRODUCT ENGINEERS 

Responsible for yield/cost management and improvement, characterization 
of products to support design; manufacturing and quality improvements, 
and customer interface. Requires BSEE and 1-5 years experience with 
knowledge of microprocessor functions and characteristics. 


nter the ’ 
_ of the Stong® 


SOFTWARE ENGINEERS 


Design, implement and maintain operating _ 
systems, compilers, assemblers, simulators 
and run-time support packages for the 
M56000, M68000 and M88000 product 
families. Requires BSCS, BSEE or equiva- 
lent and programming experience in a 
UNIX C environment and/or Graphics. 


CAD/CAE ENGINEERS 


Design, develop and maintain the 
CADI/CAE tools for integration to design 
engineering system. Requires strong 
knowledge of related tools and standards. 


SYSTEMS DESIGN ENGINEERS 


Responsible for definition/development of 
16/32 bit microprocessor and peripheral 
elements/various combinations and 
development of design methodology for 
ASIC based design. Requires BSEE/BSCS 
and 3-5 years experience or MSEE/MSCS 
and 1-3 years experience including strong 
background in computer architecture and 
High Level Language. Experience in ASIC 
software tool development is a plus. 


In addition to the highly competitive 
salaries and benefits of Motorola, our 
desirable Austin location offers rolling 
hills, clear blue lakes, affordable housing 
and warm Texas hospitality. Explore one 
of these opportunities now. Send your 
resume to the attention of Brett Rodgers, 
Motorola Semiconductor Products 
Sector, Dept. HE988A, 1112 W. Ben 
White Blvd., Suite 200, Austin, 

TX 78704. 


) 


MOTOROLA 


Semiconductor Products Sector 
An Equal Opportunity/Affirmative Action Employer 
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Gi oe re 
SEATTLE AREA OPPORTUNITIES 


At SpaceLabs, our challenge is to keep up with the constant need for new 
approaches in medical instrumentation. We've established our reputation 
as a world leader by meeting this challenge and providing the health care 
industry with the highest quality clinical information systems, patient mon- 
itoring equipment and ambulatory monitoring products. 


Now we have a challenge for you: Help us continue to respond to the needs 
of the marketplace through the expansion of our products and services. 


This industry never stands still and we are growing at a rapid pace. We’re 
looking for individuals with a minimum of 5 years experience and the tech- 
nical abilities and drive to help us meet the challenge of technological ad- 
vancement. If you would like to touch the future, the following opportuni- 
ties are currently available: 


Product Development Manager 


For alow power telemetry system operating in the VHF band. Good 
analog design skills in low noise audio range signals desired. 
Firmware/Software Development Engineer 


To design and implement microprocessor-based real-time systems. 
Experience in “‘C’’, assembler, and Intel microprocessors. Ability 
to design and architect independently. Requires a technical leader 
with software engineering mentality. 


Software Development Engineer 
To develop clinical applications in a multi-computer networked en- 
vironment. Experience with 386 or other super-micro/ mini com- 


puters with UNIX® , X-windows, RDBMS, networking to DOS 
computers. : 
HW ss Analog/Digital Hardware Design Engineer 


For biomedical data acquisition system based on 8086 family CMOS 
design. Experience with digital signal processing techniques and 
battery operated circuits desirable. 


Digital Design/Hardware Team Leader 


Should have design experience with gate arrays, ASIC’s, surface 
mount, and microprocessor systems design. Familiarity with Intel 
microprocessors (80186, 8044) a plus. 


SpaceLabs offers an excellent salary and benefits package in an environ- 
S aceLabs ment that encourages both professional and personal growth. If you meet 
the above qualifications, please send your resume to: SpaceLabs, Inc., 


Human Resources Dept. EDN9, 4200 150th Avenue, N.E., P.O. Box 
97013, Redmond, Washington 98073-9713. Proof of legal right to work 
in the U.S. required. EOE m/f/h/v. Principals only please. 
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BEYOND BASIC 
ENGINEERING 


A new generation of CIM technology has moved from the distant horizon to the plant 
floor in today’s modern manufacturing environment. Allen-Bradley is on the leading 
edge of this technological revolution. Our Government Business Division is applying 
this proven expertise and progressive total systems approach to government in- 
dustries including aerospace, postal service and defense, creating new and exciting 
career openings for qualified engineering professionals interested in a career oppor- 
tunity which goes beyond the basics. 


SYSTEMS CONTROL ENGINEER 


Requires at least 5 years experience in the design and implementation of industrial 
control systems hardware with particular experience in manufacturing automation 
control systems based on the use of programmable controllers, communications 
devices and computer control systems. Experience in the design of custom 
enclosures for PLCs is required along with experience in the design, development, 
and test of all PLC ladder logic code. A strong background in the development of 
electrical control drawings and the capabilities of CAD systems also required. 


A Bachelor of Science in Electrical Engineering is required. Master’s degree or 
equivalent graduate level education is preferred. 


SYSTEMS APPLICATION ENGINEER 


Requires at least 3 years experience in the design and implementation of industrial 
control systems with particular experience in manufacturing automation control 
systems based on the use of programmable controllers, communications devices and 
computer control systems. Software engineering/system engineering experience In 
the area of real-time factory automation and the ability to apply data communica- 
tions techniques within the area of LANs is required. Previous experience with DEC 
and IBM PC equipment a must. 


A Bachelor of Science in an engineering discipline (Electrical Engineering preferred), 
Computer Science or equivalent technical education is required. Master’s degree or 
equivalent graduate level education is preferred. 


Qualified candidates for the above positions will hold highly responsible project team 
positions, utilizing your specialized skill, experience and expertise in all aspects of 
project design, development, systems integration, documentation and customer in- 
terface. Familiarity with AB product technology and the computer support systems 
utilized in a highly automated manufacturing system (DEC VAX, IBM PC and modern 
controller/communications units) is preferred. 


As a subsidiary of Rockwell International, one of America’s premier electronics, 
aerospace and defense systems organizations, Allen-Bradley provides Engineers 
with a unique level of career challenge, visibility and reward. Our pioneering position 
in the industrial automation field, combined with the strong need for improved 
manufacturing technology in the next generation of aerospace defense systems, 
makes for an ideal long-term career opportunity for the Engineer interested in a bet- 
ter personal and professional future. For details or confidential consideration, 

please send resume to: Mary Messerlie, Supervisor, Human Resources, 
Allen-Bradley, Government Business Division, 500 Elm Grove Rd., Elm Grove, WI 
53122. We are an equal opportunity employer m/f/h/v. 


ALLEN-BRADLEY 


be OUALITY A ROCKWELL INTERNATIONAL COMPANY 


Were reshaping the way industry thinks. 
And works 


For Professional 
Growth and 
Development 
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EDN’s 
CHARTER 


EDN is written for profes- 
sionals in the electronics in- 
dustry who design, or man- 
age the design of, products 
ranging from circuits to sys- 
tems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, | 
products, and design tech- — 
niques. 


EDN covers new and devel- 
oping technologies to inform 
our readers of practical de- 
sign matters that will be of 
concern to them at once or . 
in the near future. 


EDN covers new products 

e that are immediately or 
imminently available for 
purchase 

e that have technical data 
specified in enough de- 
tail to permit practical 
application 

e for which accurate price 
information is available. 


EDN provides specific “how 
to” design information that 
our readers can use immedi- 
ately. From time to time, 
EDN’s technical editors un- 
dertake special ‘“‘hands on” 
projects that demonstrate 
our commitment to readers’ 
needs for useful information. 


EDN is written by engineers 
for engineering professionals. 


EDN 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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BUSINESS/CORPORATE STAFF 


Peter D Coley 

VP/Publisher 

Newton, MA 02158 

(617) 964-3030; Telex 940573 


Ora Dunbar, Assistant/Sales Coordinator 


Deborah Virtue 
Business Director 
Newton, MA 02158 
(617) 964-3030 


Mark J Holdreith 

Advertising Sales Director 
Newton, MA 02158 

(617) 964-3030 

Heather McElkenny, Assistant 


NEW ENGLAND 

John Bartlett, Regional Manager 
Chris Platt, Regional Manager 
199 Wells Ave 

Newton, MA 02159 

(617) 964-3730 


STAMFORD 06904 

George Isbell, Regional Manager 
8 Stamford Forum, Box 10277 
(203) 328-2580 


NEW YORK,NY 10017 
Daniel J Rowland, Regional Manager 
249 West 17th St 

New York, NY 10011 

(212) 463-6419 


PHILADELPHIA AREA 

Steve Farkas, Regional Manager 
487 Devon Park Dr, Suite 206 
Wayne, PA 19087 

(215) 293-1212 


CHICAGO AREA 

Clayton Ryder, Regional Manager 
Randolph D King, Regional! Manager 
Cahners Plaza 

1350 E Touhy Ave, Box 5080 

Des Plaines, IL 60017 

(312) 635-8800 


DENVER 80206 

John Huff, Regional Manager 
44 Cook St 

(303) 388-4511 


DALLAS 75243 

Don Ward, Regional Manager 
9330 LBJ Freeway, Suite 1060 
(214) 644-3683 


SAN JOSE 95128 

Walt Patstone, Regional Manager 

Bill Klanke, Regional Manager 

Philip J Branon, Regional Manager 
James W Graham, Regional Manager 
3031 Tisch Way, Suite 100 

(408) 243-8838 


LOS ANGELES 90064 
Charles J Stillman, Jr 
Regional Manager 
12233 W Olympic Bivd 
(213) 826-5818 


ORANGE COUNTY/SAN DIEGO 92715 
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LOOKING AHEAD 


Keyboard market will see 
solid growth through 1992 


The market for keyboards, includ- 
ing full-travel, short-travel/micro- 
motion, and flat-panel devices, 
should reach $1.6 billion by 1992, 
up from an estimated total of $990 
million for this year, according to 
Venture Development Corp (Na- 
tick, MA). However, the demand 
for full-travel keyboards is not ex- 
pected to keep up with the markets 
for other kinds of keyboards. 

The principal markets for full- 
travel keyboards will remain data 
processing and office automation, 
where speed is most prized. Aver- 
age annual growth in the consump- 
tion of keyboards by data proces- 
sors, for example, will continue to 
be about 15%. A driving factor be- 
hind this growth rate will be a 
higher demand for personal com- 
puters. 

For durability and reliability, 
keyboard buyers are favoring mem- 
brane, mechanical, and conductive- 
rubber keyboards, which are rela- 
tively inexpensive. Instrumenta- 
tion and industrial-control areas 
will continue to create the primary 
demands for short-travel/micromo- 
tion and flat-panel keyboards, 
which generally fare well in harsh 
environments. The market for 
these two types of devices is ex- 
pected to grow at an annual rate 
of 17%, producing revenues of $311 
million this year. Membrane key- 
boards should grow at an annual 
rate of 19%. 

VDC characterizes the current 
market for short-travel and flat- 
panel keyboards as a custom mar- 
ket, where technology, flexibility, 
communication, service, turn- 
around time, and delivery are all 
key factors. Manufacturers are now 
steadily and successfully developing 
new products in these areas on a 
regular basis. Short-travel and flat- 
panel devices are also replacing tra- 
ditional keyboards in equipment, 
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controls, instruments, and appli- 
ances that require only low-speed 
and low-usage data entry. 

Some trends are also discernable 
for full-travel keyboards. Manufac- 
turers have focused their efforts on 
low-profile, stand-alone, fully en- 
closed keyboards. The DIN stan- 
dard now rules in the market for 
ergonomically designed keyboards. 
The detachable or stand-alone key- 


board with its own case and cable 
has also become an industry norm. 
OEMs continue to take advantage 
of the cost savings that result from 
reduced shipping, handling, and 
packaging charges associated with 
full-travel keyboards enclosed with 
cases and cables. Fully encoded 
keyboards are also becoming quite 
popular in full-travel devices. 


Signal-analyzer revenues will top $5B in 1993 


During the next six years, the sig- 
nal-analyzer market is expected to 
be the strongest segment of the test 
and measurement market, reaching 
a worldwide sales figure of over $5 
billion by 1993, according to the 
Market Intelligence Research Co of 
Mountain View, CA. The need for 
faster and more reliable equipment, 
along with the basic growing need 
for signal analysis, will fuel the mar- 
ket. Improvements in the computer 
and semiconductor industries will 
also help. The use of signal analyz- 
ers is expected to broaden, invading 
the production floor, the telecom- 
munications industry, and the mili- 
tary to a larger extent than ever. 
MIRC divides the market into 
seven segments: oscilloscopes, spec- 


trum analyzers, logic analyzers, 
network analyzers, waveform ana- 
lyzers, protocol analyzers, and com- 
munications-impairment analyzers. 
The company expects protocol ana- 
lyzers, digital oscilloscopes, and 
lower-priced logic analyzers to en- 
joy particularly strong growth dur- 
ing the forecast period. The reve- 
nues, for example, for analog and 
digital oscilloscopes should reach 
about $1.9 billion in 1993. 

The US will continue to dominate 
the market, although MIRC pre- 
dicts a slump during 1989 and 1990. 
Asian markets, however, will grow 
at the fastest rate during the fore- 
east period. Hewlett-Packard and 
Tektronix will continue to lead in 
the market. 
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filters 


de to 3GHz 


less than 1dB insertion loss over entire passband 
greater than 40dB stopband rejection 

9 section, 300B per octave roll-off 

VOWR less than 1.7 (typ) 


§ 


from 


Q95 


* over 100 models, immediate delivery PO, Box 950166, Brooklyn, New York i558 O005 96) S54 g805 
® meets MIL-STD-20? Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


rugged hermetically sealed package (0.4 x0.8x0.4 in.) 
BNC, Type N, SMA available 


LOW PASS Model 


Min. Pass Band (MHz) DC to 
Max, 20dB Stop Frequency (MHz) 19 32 47 70 90 147 


Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49) 


HIGH PASS _ Model 1000 
start, max. 290 

Pass Band (MHz) end, min. 1200 

Min. 20dB Stop Frequency (MHz) 150 190 720 


Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49) 


Prefix P for pins, B for BNC, N for Type N, S for SMA 
C105 REV.D 
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Introducing the IR2110 
ugh-voltage, bridge driver. ceve 
The high side and e 
thelowside. Yee 
Without the on 
down side. 

Itworks ~ 


off-lmne, any- 
where worldwide. Inp outs al are CETL. . 


and CMOS weenie With two 


independently controlled outputs 
to drive upper/lower HEXFET” 


and IGBT power supply and motor 
control circuits. 


— IN Po 


Vs 


This 1s powerful 
stuff. Each output 
can drive up to 2A. 
With its dv/dt 
TO LOAD immunity 
making it 
~~) almostinde- 
“ structible. 
Allat fre quencies well above IMHz! 

Of course you wont be needing 
transformers, optical isolation or 
60% of your drive components. 
That’s the beauty and simplicity of 
this 500V bridge driver. Just adda 
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diode, a resistor, a capacitor and 
the design’s complete. 

The IR Revolution has reached 
the bridge. The bridge between 
control and power. 

Cross over. Call us at (213 
607-8899 and ask about the 
[2110 Bridge Driver. 
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PROGRAMMING TECHNOLOGY THAT 
SUPPORTS ADVANCED DESIGNS— 
TODAY AND TOMORROW. The Uni- 
Site™ 40's universal programming 
technology Is the fastest and easiest 
way to keep up with new devices 
and packages. Its software-config- 
ured pin driver system provides a 
single site for programming any DIP 
device up to 40 pins, including PLDs, 
PROMs, IFLs, FRPLAs, EPROMs, 
EEPROMs and microcontrollers. The 
same site accommodates the most 
popular surface-mount packages— 
PLCCs, LCCs and SOICs. 

And now the UniSite 40 Is also a 


electronics stores device-specific 
instructions on a 3%" micro diskette. 
gang/set programmer. With the new _ To update your UniSite 40 with the 


latest device releases, simply load a 
new master diskette. 


FAST, EASY PROGRAMMING. Menu- 
oriented operation with step-by-step 
prompts makes programming simple. 


SetSite™ module, you can program 
and test as many as eight devices, 
up to 40 pins each, simultaneously. 


INSTANT ACCESS TO NEW DEVICES. 
The UniSite 40's universal pin driver 
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E UNISITE 40 PROGRAMMER 
BECAUSE STATE-OF-THE-ART 
IS A STATE OF CHANGE 


Or bypass the menus and zoom 
directly to specific operations by 
selecting key commands. Help mes- 
sages are available whenever you 
need assistance. 

To speed parts selection, the 
UniSite 40 provides a built-in list of 
devices. And you can save your most 
frequently-used programming param- 
eters for instant recall. 


DESIGN FREEDOM FOR TOMORROW. 
When leading-edge designers use the 


latest devices in their designs, they 
need the programming freedom only 


the UniSite 40 provides. Call Data |/O® 
today and ask about the UniSite 40. 
Because State-of-the-art never stops 
changing. 


1-800-247-5700 
Ext. 617 


DATA I/O 


